IXXnJMENT RESUME 



ED 314 999 



HE 023 165 



AUTHOR 
TITLE 



INSTITUTION 

SPONS AGENCY 

PUB DATE 

GRANT 

NOTE 

AVAILABLE FROM 



PUB TYPE 

EDRS PRICE 
DESCRIPTORS 



McKeachie, Wilbert J.; Ard Others 
Teaching anca Learning in the College Classroom. A 
Review of the Research Literature (1986) and November 
1987 Supplement. 

National Center for Research to Improve Postsecona<xry 
Teaching and Learning, Ann Arbor, MI- 
Office of Educational Research and Improvement (ED), 
Washington, ix:. 
87 

OERI-86-0010 
124p. 

Program on Curriculum r NCRIPTAL, 2400 School of 
Education Building, University of Michigan, Ann 
Arbor, MD 48109-1259 ($10.00). 
Information Analyses (070) 

NF01/PC05 Plus Postage. 

College Faculty; ^College Instruction; College 
Students; Course Organization; ^Educational Planning; 
Higher Education; Instructional Development; 
^Learning Processes; Literature Reviews; Program 
Content; ^student Characteristics; student 
Development; ^student Motivation; Teaching Methods 

ABSTRACT 

A review of the research literature on teaching and 
learning in the co:iege classroom is presented. An introduction notes 
the role of rp^se^rch in identifying new goals for higher education 
and offers a conceptual framework based on a student mediat^.^n model 
and a focus on the process-product relationships between faculty 
teacher behavior and student outcomes. Individual sections then 
review the research in terras of: (1) student entry characteristics 
(intelligence, motivation and personality, and cognitive styles); (2) 
student cognition (knowledge structure, learning strategies, and 
thinking and problem solving); (3) student motivation (description of 
the expectancy path, description of the task-value path, antecedents 
of motivational constructs, interventions for motivation, and 
assessment); (4) instructional method (peer learning and teaching, 
the case method, lecture, class size, independent study, research on 
lea'-ning from reading, programmed instruction and Keller's 
Personalized System of Instruction, testing, and teaching methods); 
(5) academic tasks and activities; (6) attribute-treatment 
interactions; and (7) what effective teachers do. Tables and figures 
are included. Contains approximately 500 references, (SM) 



* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



€OUCATIONAL RESOURCES iNf ORMATION 
/ CENTER (ERtC) 



C This docu*^»«* t>eifr\ fepfOdvcwJ M 
recs!v«J from tfie pe^-son or orgamzaTi^xi 

D M«nof cn»^9 f^*^ matf« lo vmpfO¥» 




• pomttof vwof i^»ftJonf Mtedmmtudcjctt- 
msm (to m« rmceMf^r oft>cif! 



Teaching and 
Learning in the 
College Classroom 

A Review of the 
Research Literature 



Papers in this series 
avaiUble from NCRIPTAL 



Appmei^ to mm&utk am the Imintyvcmeiit of 
Fostteccmdazy Teaching aitd Learning 
A Worklxig Paper 

PatrkAi J. CkvenandJoan S. Stark 

Focnring im Stodent Academic Outcomes: 
AWotkiag Paper 

Joanne M. Alexander andJoan S. Stark 

PoatMeoadaiy Teaddng and X^eaxnintf Issnes In 
Seaich <tf Researchers: A Working Paper 

Cocnt7{ D. Vog^andJoanS. Stark 

VtychoiogJiCMl Models of the hnpact of College 
(m Students 

Harold A. K<mi 

Designing the T.eam1ng Plan: 

AReview of ResMTch ai^ Thtory Related to 

Cidlege Csnrrtenb 

JoanS. Stark and Malcdm A Lowther, with 
assistance from SaUy Smith 

Facolty ss a Key Rcsmuee: 

A Review ftf the RMeandi Xitnatore 

Robert T. Blodchum, Janet H, Lawmicx. 
Steven Ross, Virginia PoUcOfaloko, 
Jqffery P. Bieber, Rosalie MeOand, and 
Tferry Street 

The Organlxatlonal Contest for Teaching and 
Lramlng! A Review (tf the Research Literature 

Marvin W. Peterson, Kim S. Cameron, 
UsaA. Mets, Philip Janes, and 
Deborah Ettington 

^ectrraie TwfoiM a t lfl W T 

liteney Skills for a Cmnpnter Age 

Jejmne J(^mst(m 

Design in C^text: A CooMptual Framework 
for the Study of Computer Software in 
Higher Education 

Robert Kozma and Robert Bangert-Drowns 



Teaching and Learning in the 
College Classroom 

A Review of the 
Research Literature 



WUbert J. McKeachle 
Paul R. Plntrlch 
Yi-Guang lin 
David A. F. Smith 



Grant Number OERI-86-0010 

Joan S, Stark, Director 
Wllbert J. McKeachle, AssockJte Director 

Suite 2400 School of Education Building 
The University of Michigan 
Ann Art>cr, Michigan 48 1 09- 1 259 

(313)936-2748 



© 1^6 by the Regents of The Un^/elsIty of Michigan 



The project presented, or repc^ed herein, was performed pursuant too grant from 
the Office of Educatlor>al Research arxJ Improvement/Department of Education 
(OERI/ED). However, the opinions expressed herein do not necessarily reflect the 
position or policy of the OERl/ED and no official endorsement by the OERI/ED 
should be inferred. 



Contents 



!. Introduction i 

A. New Goals for Higher Education 1 

B. Conceptual Framework and Plan of the Review 2 



li. Student Entry Characteristics 5 

A. Intelligence 5 

B. Motivation and I^rsonality 9 

C. Ck^tlve Styles 9 



lii. Student Cognition ii 

A. Knowledge Structure 11 

B. Learning Strategies 23 

C. Thinking and Problem Solving 33 



IV. Studont Motivation 43 

A. Descr4)tlon of the Expectancy Path 43 

B. Desci^tbm of the Task-Value Path 51 

C. Antecedmts of MotivatKmal Constructs 55 

D. Interventl(ms for Motivatlcm 59 

E. Assessment 60 



V. Instructional Method 63 

A Peer Learning and Teaching 63 

B. The Case Method 68 

C. Lecture 69 

D. Class Size 70 

E. Independdt Study 72 

F. Research (m Learning from Reading 73 

G. Programn^ Instruction and PSI 74 

H. Testing 76 

I. Teaching Methods: A Summaiy 77 



VI. Academic Tasks and Activities 79 



VH. Attribute-Treatment Interactions 81 



Vlli. \A/hat Do Effective Teachers Do? 83 



Referer»ces 85 



Tables 



1. studies Teaching and Leanilng 14 

2. A 'TaiGoncnx^ of Learning Strat egies 26 

3. Studies Investigating Change^) in Collie Students' Critical Thinking 
(McMillan. 1986) 37 

4. Dimensions Upon Which Student-Centered and Instructor-Centered 
Methods May Differ 66 

5. Student-Centered Teaching Efl'ects 69 

6. Studies on the Effectiveness L«:ture vs. Discussion 71 

Rgures 

1 . General Model of CoU^e Teachiii g and Learning 3 

2. Components of Motivation 44 



ERIC 



Vlt 



Teach^ and Learning fai ttw College Classroom: A Jteyfetu of the ReseoKh Utemture 



I. Introduction 

What can cdl^e ai^l university teachers team finom the research on coQ^e teaming and 
teaching? Not teaching methoib that have previously l^n unknown. Not the best method 
cf tea c lUn g. a magtc eUxlr fra- n^rtlvatli^ reluctant students. One should n(^ export 
to find broad generalizations that could xk^ be found in the writing Comenius. Dewey. 
WUllamJames, or other thoughtful students of education. Excellent teachers fit no single 
mxM; they appear In aUhiatoilcali»rl{Kls, In various cultures, and at aU levels and are 
of higher education. 

What. then, can researdicontzlbute? One possibility is a more precise determination of the 
limits d generalizations; a second is disproof of faulty maxims; a third is a l^er 
undcrstaxidlng of how and why succes^iil teaching strat^es woxli. But research also has 
Implicatloxs 1^ teaching In a way that is le» obvious: it £&«:ts coiusCT 
teaching. Whatwechoo^asgoalsdependsuiKnioiirimder^andlngonearnlngandofwhat 
teachlx^ can produce. Ttias a review cl'res^lich on teaching camu>t Ignore broader trencfe 
in l»ste research. 

A. New Goals for Higher Educotton 

Advances in tl eorctlcal conceptions of ct^nition and motivation shouUi make a dljSference 
in the ways wt- think about the ot^ectlves undexgraduate instruction. For example, 
coO^ tacutty mentoB have tradltionany pl»:ed heavv emphasis <m the goal commu- 
nkmtlng knowledge. But we now know that knowtedgc « facts and principles involves much 
more than memorteation <rf isdated concepts, definitions, and facts. As Marton and Saljo 
(1976a). Dahlgren (1984) and other (kKhenbuzg researchers have demonstrate there aie 
slgnlfimnt qualitative difiierexKes In studmts' under^andmg of raiding as^gnnxnts. 
Tod^ cognitive psychologic onphasize the importance of conceptual structures within 
which facts and principles are organized. If ^dents are to use their knowledge after 
comptetmg their course examinations, they need to have elaborated the facts and principles 
in ways that oxganlK the kxunvtedge meainlngfully. 

Why Is n^anlngful (M^ganlzatltm so Imi^rtant? Hie answer lies in a superordinate goal: 
Students sfvHild continue to learn and to use their learning in more effective problem 
sch^ingfor the rest qf their Uves. When one takes life-long learning and thinking as a major 
goal of education, knowtedge Incomes a means rath^ than an end. and other formerly 
implicit goals become more explicit Surely one of the most important detemilnants of 
continued learning is interest in behavior and experience. Acourse that dulls the students' 
ciuloslty and Interest must be a failure no matter how solid the content 

Just as we implldtly teach motlvatkm for continued teaming, we also implicitly teach 
certain cognitive skills and strat^es. We lecture, give reading assignments, lead 
discussions, require papers and laboratoiy projects, cany out fleldwoxk. and give tests- 
all with the goal <^ influencing student learning. The kinds of assignments, tests, and 
classroom actlvf Jes we use Implied or explicitly affect the strategies ai^ skills for leainlng 
that students develop. Too often both students and teachers carry out their rotes routinely 
without attention to the ways by whteh the students' skills can be developed and without 
conscious awareness that different ^rategles may be appropriate for different situations. 
Similarly, lecturers and discussion teachers model ways d thinking without tettlng 
students in on the methods that are being used. Evexy course should help students become 
auxxre <d strategies far teaming and problem sohring. An explicit g(^ of education 
throughout the curriculum should be to facilitate the development both of learning 
strategies and problem soMng-skills and of effective strategies for their use. 

To summarize, our goals now go beyond transmitting knowledge to helping students 
develop cf^nltlve structures, skills, strategies, and motivation for continued learning and 
problem solving. 
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Effective teaching thus dej^nds up(m at least three kinds df knowledge: 

1 . Knowledge c^the sulj/ect matter- the concepts, prlzu^lp^, and methods of thlnklng- 
to be tatight. But It is not enough to kxu}w the subject matter as a scholar. To know 
the sub]^ matter for teaching Is to know the organlzatKm of the subject matter in we^ 
that enable the teacher to pull out concepts at dlffoent levds of oxsanizatlon for 
differing puxposes- to know how to build conceptual structures £rom the simple to the 
complex— to know how to derive si^clfics firom generalizations and gener^i&atlons 
from specifics, in short, to be comfortable tn simplifying while moving toward more 
complex, more probabilistic conceptual structures. 

2. Knowledge of the studerds. Teaching invohrra building linls l^tween the knowledge 
we are trying to teach and the knowledge and coxK^epts our students already have. We 
canned eiSectivd/ bridge the gap between our knowledge cmd the students' minds 
without an under^andlng of ^H^t th^ believe and know. The tcKds we use to make 
the br^e are metaphors, analc^lra, and escami^es that build cxi students' prior 
knowledge and experience so they can construct meaning out of the words and 
experiences we provide. 

3. Knowledge of teaching strategies and skllte that facilitate student motivation and 
learning of cognitive structures, skills, and strategtes. 

In this pai^r we review the research Intended to enrich the coU^e teacher's knowledge 
about learning and tesKdUng in higher education— i nderstandlng ^udent learning and 
what kinds of teaching affect learning. 

B. Conceptual Framework and Plan of the Review 

Our conceptual firanunvork is dlspla^l In Figure 1 . This gei^ral model serves to organize 
our review of the lltmiture <»i teaching and leamlx^. There have b^n other corKeptual 
models presezst^l to organize research on teaching ar^ teaming. One (^the Xxst known 
is Dunkm and Blddle's (1974) presage, context, proc^. product, model {of. Shuhnan, 
1986). In Duzikln ar»l Blddle's nu>del, jnesage variables were defined as teacher charac- 
teHstics (e.g., demographic variables, exi^rience and training, as well as i^^olc^al 
aspects such as pex^mality. lnteIligerH:e ax»l knowtedge vanabk®) that were a^umed to 
inOuerKe the teachers' actual b^avtor in the da^oom (the proems variable in their 
models. Fc^ the most part, otl^ programs in NCRIFTAL are Int^ratlng these presage 
varlabtes: so they are n(A represented in our model. Hie context variable in Dunkin and 
Blddle's model included oaxmiunity. school, classroom. axKl student characteristics. 
Again , far the rrost part we win not be addressing the context-process re1«tion.sh ips between 
instituttonal characteristics and fioculty t^havior. Attbough we realty the Im^OTtaiKre of 
these presage-process and context-process relationships, we are coxK^entraUng on the 
process-product relat ionsh ips between faculty teachli^ bwhavtor and ^dent learning. 
Other pn^rams in NCBIFTAL will be addressing the presage-proc^s and context-process 
relation^ips. Fen* a rec^t review ci these relatton^i^ in h^er education, see Dunldn 
(1986). 

Although the focus wlU be on the im>cess-product relation^ips t^w^n faculty teacher 
behavtor and student outctmies, we have adopted a goieral student mediation model or 
paradigm for our research. As Shuknan (1986) notes, the ^miAe invce^product modd 
has gradually fallen out of Uiyix in K- 12 educational research, while a ^udent mediation 
or ^udentccgnitionmodel has gained ascexHiancy. Our modd follows this trend ai^ allows 
us to examine how differertt patterns o£ student mc^ivation aiul ct^nitkm mediate the 
Instructional ffi^tlvlties that occiir in the cdl^e dassroran. In addition, this approach 
allows us to ixrvestigate context-proce^ issues relating to studoit characteristics and in- 
struction. Finally, the student mediation modd is mcxi appn^irlate for college students 
tecause so much c^thdr learning and studying ocx:ursout^de the classroom. Given this 
fact, it is even more Important to ttxvestigate how students' cognttive and motlvati<mal per- 
ceptions about academic woric mediate their essential adiievement. 
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Figure 1. General model of college teaching and learning. 



There are a vartety of models for cozx:eptualizing student o^nltlons and petceptions. Our 
mcKlel Is based on a general cognitive information-processing and social-cognitive approach 
to teaching and learning rather than developmental or personality models of student 
learning. As such, the model integrates material from research in cc^nltlve i»ychology. 
instructional psychol<^, and classromn-based educational rraearch. An important aspect 
of the model is the assumption that the effects of instruction are medUitol by students' 
c(^;iiittve and motivational characteristics. Our model assun%s that studmts are active 
processors of infonnation. Our emphasis on student perceptions as m«llators of instruc- 
tional activities parallels a variety of general cognitive psychological theories (e.g. . Ander- 
son, 1985; Ausubel 1968; Brown, Bransford. Ferrara, & Camplone. 1983; Brunei-. 1964. 
1965; Piaget. 1971) as well as current research on teaching (e.g.. Shuhnan, 1986). A brief 
description of the majOT domains of the model follows. 

Educatiorml outcomes can be broadly construed as any of the iratential outcomes of collie 
(e.g.. see Alexander ftStaiic, 1986). ForourresearchinNCRIPTALweTvlllfocusonstudents 
learning in college courses and our literature review will concentrate on these outconrcs. 
Student involvement in self-regulated l&iming Is similar to Astin's (IfSS) construct, 
although we take a more cognitive approach to student involvement than Astin's behavioral 
approach. Our construct student inwlvanent concerns the students' cc^nitlve engage- 
ment (e.g.. Como & Mandlnach. 1983) and commitment (e.g.. Paris. Upson. & Wixson. 
1983) to the task at hand. We assume that the more a student is meaningfully engaged in 
the task, the more she or he wlD leam. Our conceptualizaUon of student Involvement in self- 
regulated learning assumes that the student is an active learner. Self-regulated learning 
is a combination of cognitive and metacognltlve involvement vrtth a task as well as motivated 
Involvement with a task. 



Student motivaticm and cpgnWton are the two broad domains of student characteristics that 
Influence ^udent involvement. These two domains are reviewed in more detail below. Our 
conceptualization of ^udent motivation is guided by a general expectancy-value model of 
motivation that is mostly cognitive in nature. Our cognitive approach to motivation allows 
us to link motivational constructs to cc^nltlve constructs in an interactive fashion that is 
lacking in much current c(^nltlve and instructional research Student cognition, in our 
m(K}el. includes students' general learning strategies for rjrocessing Infonnatlon, their 
knowledge about content, and their general problem-solvir.g and thinking skills. 
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The fnstructtonal activities and ta ^ks that student engage in while In college influence their 
cognition and nK^ivation. Instructional activities include the lectures, discussions, labs, 
and tut(»lals in which the detents interact with their instructors and peers. The task 
c<ni^ruct Is taken Htdji various o^nitlve psychoto^cal models that stress the importance 
of the tasks that ^udents are required to perforcQ in sch(K>l (e.g.. Brown et al. 1983: Doyle. 
1983; Jenkins. 1979: Mosenthal. 1983). In our model the tasks include the actual 
requlren^nts cS the cour% (e.g., the papers, quizzes, exams, pr^entatlons, lab reports, 
etc.). This acadonk: "work" plays an important role in our model student learning 
because it is through the prei»ration (i.e., studying, engagement, and cOTipletlon of these 
tasks that various cognith^ and motivational variables are evoked in the student. These 
o^nttive and nwth^tlonal variables then influence student involvement and. ultimately, 
their academic »:hlevement 

Finally, student entry charxicteristics are in our model to repre^nt the realization that 
students do not enter college (or axxy educational setting) as l^lank slates." Students come 
to con^e and « nter speculc college courses with a variety of cognitive and motivational 
characteristics from prevtous educational experience. CMsvlously. these entr^ characteris- 
tk:s will influent ami interact with the instructtonal and task activities the students 
confront, as well as the ^udents' perceptions of the instruction and ta^. 

Our review examines research on these constnicts and their tnterrelationsh^p;' in the 
college classroom. In some jdaces, the revtew is quite detailed to allow for r :mplete 
explication cSthe model azul its onnplexity. hi other plac^. we assume that the reader has 
a general CamlUarity with the literature and not need detailed guklance. In addition, 
some aspects of the literature have rn^ently t»en reviewed (e.g. Itenald 1 985) in these cases 
we point the reader to these <Hher sources. Thus this review does not deal exhaustively with 
educational technolc^. student characteristics, student development, faculty character- 
istics of students upon entry and then aspects o[ c^nitlve structure, learning strategies, 
and problem-soMzig sklUs. Next we examine ^udent motivation. Finally, we look at 
asi^ts a£ instruction and tasks aJOfecting educational outcomes. 
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II. Student Entry Characteristics 

As our model In Figure 1 shoura, we assume that student entiy characteristics Influence the 
efr«:ts <3i Instruction student outc<snes. This Is not a new idea; the importance of 
imlMdual dlffermces in the abiltty to leaxn and bex^t fhsn inMructlon has t^n a long- 
standing thane In educational p^chok^ (Como & Snow. 1986; Pintrlch. Cross. Kozma. 
& McKeachle. 1986; Snow & Lohman, 1984). As Como and Snow (19^) pointed out, 
traditional approadies to indlvklual dijOTeraicra in aptitude for learning have focused on 
three taroad categories cf indhridual difference constructs: (1) intellectual abilities, 
conraptuall^ as enabling cc^nltive abilities or skills; (2) |K:rsonallty chanu^erlstjk:s. 
conceptualized as personal motivational and affective traits; and (3) o^nitlve styles, 
conceptualized as predispositions for processing infonnaticm in particular ways, the 
traditUmal approach has tend^i to assume that th^ individual difference (instructs are 
static. eiKluringtralts of the student. However, current research based on modern cognitive 
psjychology emphasizes a more dynamic procesS'Oriented approach to learns character- 
istics (e.g.. Brown etal.. 1983; Como & Snow. 1986; Pintrlch etal.. 1986; Snow &Lohman, 
1984). According]^, our revtew (and more im|K)rtantly, our research program) takes this 
more proc^s-orloited approach to student characteristics. 

We have organized our review of student entiy cfaaractertetics using the three general 
cat^c^es (intelligence. m(^ivatl(m and personality, and cognitive style) d'Como and Snow 
(1986). Like Como and Snow, we see these three categories as related in a complex and 
multivariate fashion, but we discuss them separately fixr ease of escposltlon. 

A. Intelligence 

Hie classic area ttf inteHlgexvie has probably shown more signs change in the last decade 
than in any period since Thurstone arul Sj^arman introduce ractoxlal ^udles of 
Intelligence. Recent re»»rch tm intelligence has been revltallz^l by o^nltive approaches. 
As Gagne and Dick ( 1983) point out. lntelllgexK:e te^ predict performance in conventional 
schools and Intelligence interacts with Instructional methods to affect ^ucatlonal out- 
comes. But what is Intelligence? Undheim (1981a. 1981b. 1981c) has made a persuasive 
case for the proposition that intelligence is achievement- the result of past learning as well 
as a predictOT of future learning. 

The traditional, differential approach to intelligence Is best represented by the psychomet- 
ric paradigm. Psychon^tric theortes of Intell^ence have attempted to define intelligence by 
focusing on the number and relationships of factors or latent traits of individuals that 
explain performance (particulariyperfcmnaiure in school) (Sternberg. 1985). Psychometric 
theories represent indivldua! dlfferexx^ between people in terms ^ a set of latent factors 
or traits. Hiese factors are assumed to underlie the Individual differences in performance 
on intelligence teats. Most i^ychometrlc theories differ only in the number of factors 
proposed as a source variation (e.g.. the general "g' factor vs. multiple factors). For 
example, Guilford (1982) proposed 150 factors underlying intelligence, while recent 
adaptations of general theories have focused on "crystallized" abilities, "fluid" or analytic 
abiliaes and. 'spatial-visualization" abilities (Snow & Lohman. 1984). 

Snow and Lohman ( 1 984) suggest that oystallizad abilities are evoked by familiar tasks and 
environments, and that noted tasks or unusual instructional tec^iniQues that require 
analysis or decontextuallzatlon demand fluid ability. Differences bv'^tween familiar and 
noted tasks thus can result in attrlbute-treatment-interactions (AUs) bctwt en Instruction 
and learners. 

In line with this task differentiation view, Gardner (1983) suggests that intelligence varies 
acrx^s different domains or symbol ^tems such as language, music, mathematics, or 
physical coordination (kinesthetic). He proposes examining the profile of a learner's 
intelligences in relation to educational goals and matching students with subject matter 
and teaching methods to develop further intell«:tual strength. This approach highlights the 
fact that the components measured in traditional intelligence tests emphasize the symbol 
systems used in schools, predominantly the verbal symbol sjrstem. 
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In contnu^ to traditional psychcnnetrk: approaches, Ini'ormation processing approaches to 
tntelUgeiKe have stressed the dynamic processes involved tn intelligence rather than static 
traits of Individuals. Such an approach guides our own research, and we have found 
Stemb^s nxxlel ( 1 985) to be the most relevant. Sternberg has rdated four general Infor- 
mati<»i processing parad^g)ms to intelligence. The cognSttve-carelates approach has 
fcKnised on f^rformance of slmpte tasks, such as letter matchixig. in an attempt to uncover 
the basic cognitive processes involved, such as speed oS response and speed d" word 
recognition. In contra^, the cognittve-comixments apprwich has used mare complex tasks, 
such as anal(^teal reasoning, to explore the higher-level omiponents involved In {^orm- 
ance Invohdng lnfereix:e. application, and executive control. The cognStlve-traintng 
approach denumstrates the existence and importance o^|nitive functions by demonstrat- 
ing the effects of training (e.g., Camploue. Drown, Ferrara & Bryant, 1982). Finally, the 
cogniUve-con^t approach has examined how dtSerences In the stnx;ture axul content of 
individuals' knowl^e iKise InOuence i^ormance. For example, Anderson (1983) has 
proposed that individual differexu^ in p^ormance are a function of the flow of Information 
in the mixul. with Individuals dlfiferlng in their d«:laratlve kiu>idedge (knowing what some- 
thing Is) and their procedural knowledge (knowing how to do something). 

Sternberg (1985) has propose an ambitious tnarchic theoxy of intell^ence that attempts 
to integrate and synthesiif^ most of the research on intelligence. The three subtheorles in 
his overall theoiy are. the ajnnp(meTtUcd, the amtextual and the ejqferlenUaL We find these 
three theories useful for our research and a brief description each follows. 

The c(Hnponentlal subthe(ny re]Hiesents ^embexg's (1985) attempt to specify the mecha- 
nisms or cognitive pnxesscs responsible for inteDlgent performance on tasks. The 
componential subtheory is closest to traditional psychometnc and cognitive psychological 
approaches to Intell^ex^. Sternberg delliKS a component as an "ele ment a r y information 
process that citrates upon Internal representations of dsjccte or symbols' (Stonb^. 
1985, p. 97). Components can be classlOed according to three general functions: 

a. Metacomp<ment3 are higher-order cognitive processes used in planning, monitoring, 
and decision making 

b- PerfoTnance components are cc^nitive process used in the e^rccution of a task, and 
c. Know^dge-acquisitUm components are cognitive process^ used to learn new Infor- 
mation 

MetcLComponents are the control and executive proces^ss that direct, maintain, monitor, 
and evaluate the two other general typ^ of proc^ses. As such, these processes are 
metacognttlve in nature (cf. Brown ct al.. 1983). While the specification (rf these executive 
ccmiponents nUses the specter the '^omuncul^is* and issues about control of the 
executive processes and an Infinite r^n^lcm of homuiKnall. it is dear people engage in 
such processes quite easlfy and readlh^. Philosophors and exf^rtmental cognitive psycholo- 
gists may argue about the theoretteal eflU^cy of pro]K»lng conbncd oar executive processes, 
but they are clearfy tiseful constructs in instructional psychol<^. Consequently, the 
following seven metac(nnponents from Sternberg (1^5) are assumed to be relevant for 
performance in maxiy task situations, albeit not for all tasks or all Individuals. 

1 . Decision as to Just what the problem is Uiat needs to be soiued. This metacomponent 
concerns the f-nudents' skill In figuring out the nature of the problem. Obviously, 
before any problem -scJvlng skills can be retrieved, the students must underetand the 
nature of the problrm (cf., Newell & Simon, 1972). If students understand the nature 
of the problem, perfonnance Is enhanced: If they do not comprehend the task properly, 
performance Is adversely influenced. 

2. Selection of lower-(^der components. Students must seiect a set of lower-order 
processes to solve the problem. Difficulty in task performance can arise because of 
selection of non-optimal processes or because students do not have the optimal com- 
ponents available. 
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3. Selection qf one <w mm^ representations or (xganizations /or iriformitiim. Students 
can select a variety o£ representations of Irfonnatlon. Students have to select 
appropriate representations of the information to facilitate performance. For example. 
Braiisford and and his colleagues (see Bransford, 1979) have shown that activation of 
the appropriate schetoa can facilitate memory i^rformance. 

4. SelectUm of a strategy for combintng lower-crder campiments. A collection of 
components or processes Is not suillclent for good performance. The components 
must be integrated and controlled in a wdy that facilitates perfcotnance. Some 
processes need to activated before others: in marry cases processes need to be 
executed in parallel rather than serial fashion. 

5. Decision regcaxUng aUocatim of attentional resources. Students have limited atten- 
tlonal resources and decisions have to be made alK)at how much time to allocate to 
each process and how the time restriction will Influence the quality of performance. 

6. ^lution monftorfnp. Students must constantly check and evaluate their prepress as 
they perform a task. These self-monitoring and self-regulation precedes are impor- 
tant metac(^nltlve skills that influence performance. 

7. Sensitivity to external feedback. Students must be able to recognize and understand 
feedback on their performance and then be able to act on it to improve their 
performance. 

These se^^n meta(»miK)nent$ control and r^ulate the jxrformance con^)anents. Perform- 
ance ccnnponents in Sternberg's ( 1 985] model are used to execute various strategies for task 
I^onnance. There are many diffoent performance components, but Steml^rg finds a 
useful way to organize them by three stages of task solution: (1) encoding stimuli. (2) 
combination and comparison between stimuli, and (3) response, liie eru:oding components 
involve the way the student perceives and stores new information. In Weinstein and Mayer's 
(1986) taxonomy these components w^uld include their "selection" cmiponent or in Corru 
and Mandlnach's (1983) model, these comi»nents would be labeled as "alertn^" and 
"selecth'lty." The "cranbinatJon" and "comparison" components include such processes as 
making ii^erences, mapping ^imull into other information, comparing stimuli, or appfying 
stimuli. Weinstein and Mayer ( 1 986) label these processes "construction" and "integration. " 
Como and Mandinach (1983) call these processes "cormecting." Tb^ last stage of 
performance in Sternberg's u985) nuMkl is the response component, which Involves the 
students' actual response to the task. 

The third type of ccmiponents in Sternberg's model are the knowledge-cuiquisttion compo- 
nents. Tliese components are us^ in gaining new declarative and proc»iural knowledge. 
E>eclarattve knowlec^e Is knowledge of the content of a particular subject matto: area. 
Procedural knou^edge involves "how" to do sraiething. Sternberg proposes three types of 
knowledge acquisition components that parallel peiformance ccnnponents: (a) selective 
encoding (b) selective combination, and (c) sela:tive comparisorL In using encoding, the 
student distinguish^ relevant from irrelevant information (Como and Mandlnach's 
selectivity). Selective combiruition involves the combination of selectively ccKled informa- 
tion uito a coherent knowledge structure. Weinstein and Mayer (1986) label this process 
"construction." Finally, selectiue comparison involves relating new iiifonnatlon tc prior 
knowledge so that this new information is "assimilated" and understood in term of the old 
knowledge. 

These three types of components (metacomponents. performance, and knowledge acquisi- 
tion) are most closely related to intelligent performance on academic tasks and the type of 
tasks that appear on intelligence tests. In Stembei^'s model, these components repr^ent 
the students' genemlanalytk: ability. Students who score high on standaraized intelligerK:e 
tests and otho* aptitude measure) such as the Scholastic i^tltude Test (SAT) or Graduate 
Pscord Exam are able to recruit, emplqyr, and regulate the cognitive pnxresses that are 
relevant to success on these tasks. As Sternberg; notes, however, there are other aspects 
of the learner that are important for success in life that do not depend on the analytical 
aspects of the componential model. Thesf other aspects are part of Sternberg's experiential 
and contextual subtheories. 
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The expaienticd component involves the student's ability to be creative and to synthesize 
disparate experiences in new. insightful ways, Ihis involves being able to go bQnond the 
infonnatlon given. Speclfkally, the eiq>erientlal component involves the student's ability 
to adapt to novel tasks and situational demands as weU as the ability to ;iutomatlze cc^- 
nltlve processes. An &n]K»tant aspect <tf intell^ent pi^cnmance is the student's ability to 
confront no^l ta^ aiul to use prior knovnedge and prraent skills in successfully 
complettng the tasks. For example, high school students wtth good analytical skills (e.g.. 
high SAT scores) must be abte to adapt to the new academte tasks ofcollege to succeed. Or. 
in one of Stembeig's favorite exampl^. a graduate student in psych<dogy with not veiy high 
GRE scores, but high expertentlal intelligence, performed much better at the creative 
research and wilting tasks required scholars than another student with much higher 
analytical skills (ccmiMMKnti^ mteUlgeiu^e). 

The other aspect of e3q>enential intelligence concerns students' abUlty to automatize 
cognitive processes that axe required on speci&: academic tasks as the students gain more 
exp«1exice with the tasks. Forexam|de.readlngisacomplicatedtaskthatrequlrraavarlety 
cognitive process. The more students are able to autcanatl^ some d[ the cc^tlve 
processes involved (e.g. . word recognitlcm). the mor- they win be able to devote attention to 
more complcc cognitive aspects of reading, such as comprehension monitoring. Althou]^ 
the expertentlal intelligence subthetny is less well-ddhied than the conponentlal subthe- 
oxy, it seems dear that college students must be able to deal with a variety of novel tasks 
and also automatize various costive process^ if they are to 1^ succ^sfuL 

The third and last subtheoiy. cmUextual tntell^ence, concerns students' ability to adapt 
to and manipulate the envixonn»nt In more cdloquial terms, it involves the students' 
"street smarts" or practical intelligence. In Sternberg's view, adaptation to the environment 
is one aspect of the contextual subtheoiy. It also is impwtant. however, for the student to 
be abJe to select and shape the envlromnent to fit his or her needs. For example, a student 
may not be able to ad&pt the course requirements to a particular instructor's teaching style. 
One option for the student is to txy to change the course requirements; a second is to change 
to a different section of the course with a dlfiferent instructor and couxse requirements. The 
ability to uiHlerstaxKl azKl manipulate the sy^on to achieve a better per^n-environment 
fit is an ImpOTtant skill for students. To »x*Gmpllsh this gosd, students mu^ not only have 
good problem-solving skills, but also social competemre In terms o£ relating to others and 
imdonstandhig their iveds and d^lr». 

For this review our purpose in reviewing the research on intelllgexK:e is to identify general 
Intellectual skills that both afiiect student learning and beccsne goals for educational 
change. Identifying the comjMsnents of inteUlgence would of less value for our purposes 
if these coampor^nts wme bask:aUy deteimlned by heredity and unaffected by education. 
Fortimately evidence of the Impact of education on mtelllgeni^ is accumulatinil (Balke- 
Auren. 1982). 

Correlations between student c(^nltive variables and the cognitive outcomes of education 
are typically positive but not so high as to leave little room for the Infiu ence of other variables 
(Cronbach&Snow. 1977), In general Ixith prior knowledge and general mtellectual abilities 
contribute to cognitive outcomes, but teaching bright, naive students is not greatfy dlflierent 
from teaching students with lower intelligence. Sl^el and Slegel (1964) found that both 
intelligent students lacking in b^Jcground and students with low intelligence learned more 
when taught by a highly structured method while Intelligent students with good back- 
ground knowledge did better with less structure. 

As the Si^el and Slegel studies Illustrate, prior knowledge and intelligence not only are 
general predtetors but they also Interac: with teaching methods to afllect learning. Ingeneral 
more highly structured methods, sudi as programmeo Instruction, vrork best for students 
with less prior knowledge or lower abUlty; less structured methods are llkefy to be prefer- 
able for students with more prior knowledge or ability (Goldberg 1969; Owen, et al., 1965). 
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B. Motivation and Personality 

The student entiy characterlstto of nu^tiratlon and i^isoiiallty have b^n investigated by 
many zesearchers for their IntenKrtions with instruction (Como & Snov% 1986). Although 
many different i^rsonallty variables have studied, (e.g., authorltaiianlsm. reflectlve> 
impulsive, rigid-flexlbte), few personality varteiblra have l^n ^own to ha\^ consistent 
relationships with listiuction and achievement (Como & Snow. 1986; Cronbach & Snow. 
1977). In addition, modem i^rsonality theoxy and research has moved in the direction of 
conceptualizing personality variables in terms of process-oriented, dynamic characterises 
of individuals rather than stable, enduring traits. Ihls modem approach also emphasizes 
the impOTtauce of situational characterlsttes for determining an individual's behavior. 
While ^ere is continuing controversy on the natiue of traits and stat^ and the s&uatlonal 
and cross-sltuatlonal stability <rfbelunlor (e.g., Allen & Potkay. 1981; Epstein & O'Brien, 
1985; Ei»teln & Teraspulsky. 1986; Gangestad & Snyder. 1985; Mlschel & Peake. 1982). 
we have adopted an intexmcKSiate position similar to that of Como and Snow (1986). 
Basically, we reci^nize the importance of situational influences on student behavior, hence 
an emphasis on the classroom context and the types (^classrcxnnta^cs. At the same time, 
we are interested in individual dlfiferexKres in Teact&ms to these sit^iatlons. Accordingly, we 
have adopted a general attribute-treattrent interaction (AH) mcMtel that is a special case of 
a person-environment or person-situation interaction p^cholog^ (cf Como & Snow. 1986) . 

Slm:e our main Interest Is studoit learning and academte achievement, the main "person- 
ality variable ox Intere^ to us students' achieven%nt nu^ivatlon. Inta:actk>ns between 
different nu>tivationalcon^mctsaxM]tiffitrm:tion have Ixen investigated oftoi. Con^ructs 
such as need for achievement, test anjdety. attilbuttonal patterns, self-ef!kacy. self-con- 
cept, and self-esteon have been used as Interactlcm tera^ in Section IV. which details our 
model cf motivation and the imderlytng constructs we will \x studying. However, several 
genera] points can be made about student motivatlcm as an entry characteristic. 

First, as many studies o£ test anxiety have shown (cf. Sarason, 1980: Tobias. 1985). test 
anxiety often has a curvilinear relattonship with achievement. The relationship is generally 
of the invertol-U fomi with studmts at medium anxiety levels p«rfonning better than 
students with veiy low or voy high levels erf amdety (Como & Snow. 1986). Other 
researchers have suggested that c^err nH>tlvattonal constructs show a similar cuniUnear 
relationship to pexfonnance (e.g., SaJOTOon 1983). In our own work (e.g., Plntrlch, 1986), 
we have shown that motivational cotistructs influexKe students' pexfonnance by mediating 
the effects of learning strategies. Other researchers have shown linear effects of motiva- 
tional variables (e.g., Bandura. 1982; Wriner, 1979) on perfonnaiKe. Obviously, more 
research is needed on how motivation Interacts with students' cognition and with 
instruction. Recent refonnatitms of motivation theoiy In c<^nltlve temis make the 
examination of the interactions between (ignition, motivation, and instructions easier. 
Our research agenda acUr^ses the Interaction of these three domains in line with current 
approaches to Instructional psychology (Plntrlch et al., 1986). 

C. Cognitive Styles 

The student entry characteristic of ct^nltlve style has a long hlstoiy In educational 
psychol(^ as one of the m(»t ommumly investigate individual difference variables. The 
generally accepted defftiitlon cognitive style is that cognitive styles are information 
processing regularities that are related to underlying personality tralta (Como & Snow. 
1986; Mesalck. 1984b). As Corx^ and Snow (1986) point out. cognitive styles are 
conceptually at the overlap between individual differoices in intellectual ablllti^ and 
personality characterlst^. Kogan (1^) points out that cognitive styles are often 
measured in the san^ fashion as general intell^ual abilities. For example, field 
independence-dependence Is often measured by the Embedded-Figures test, which could 
also be used as a test of spatial ability. Given the same operational measure for field in- 
dependence-dependence and spatial ability, the reasoning behind labeling an individual's 
performance as indicative of a cognitive style (field independeiKie-dependence) or a general 
skill (spatial ability), obviously rests with the researcher's theoretical orientation (Kogan. 
1983). A wide variety of cognitive styles have been investigated {e.g.. Held in-lependence- 
depexulence, cognitive complextty-slmplicity, reflectlvity-impulsivlty. convergence-diver- 
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gence. etc.). Reviews of cognitive style by Kogan (1983), Como and Snow (1986). Messick 
(1976 and 1984b) and Witkln, Moore. Goodenough. and Cox (1977) suggest tliat some 
measures of cognitive style are relevant to ^dent achievement, although in max^ cases 
they have not been differentiated from components of intelligence. Mozeover. the noticm of 
cognitive styk as a fbcKl, unciianglng personality attribute Is gMng wsqr to theoretical 
conceptions of cognitive styles as preferred sets of strat^es or approaches to learning and 
thlrJdng. Thus our own research will focus on cognitive strategies rather than cognitive 
styles. Given our a^nltive, process-oriented apprrach. we will be looking for general 
dlfTerences in the ways students procras informatioxL In line with this orlentatioa. Marton 
and Saljo's (1976a, 1976b) work on learning stales is relevant. 

Marton and Saljo's method Involves observation and questioning of students reading 
toctbookchapters. Theyfoundthat students' approaches to the task differed. Someslmp^ 
plunged in and pknved through the chipter.satislkd that they had gotten through it; others 
tried to find the aim of the author, looted for dues to oxgani^ticm. and thought about the 
meaning of the chapter. Marton called the fomier sur^ice processes and the latter deep 
prxxssars. This distinction is simUartoAusubd'sdi^iiKrtlonbetween rote axMlnKanln^ul 
learning and to Er^twlstle. Hanley. and HounselTs (1979) Identifying, "reproducing." and 
"understanding" learning. Many of Marton and Saljo's deep processors may simply be 
effective irnrntrig strate^ts. Marton and Saljo point to the fact that what students want 
to get out of studying often determines their approach; this in turn detemilnes teaming, 
retention, and iise of the material learned. Thus students' processing strategies can be 
Influenced by the types of test questions the teachers use. Some students, however, 
habitually use ^uface processing even in situations that require deeper processing. This 
learning styte results in poor academic p«f(ninance inmarry collie and unlvertity courses. 
Other ^udents are able to use either approach depending on their motivation and goals for 
the task. 

The construct of ^udent engagement and Involvement is used hi otir research to tap U cse 
aspects of learning style. Student engagement In ou*- mwlel is a function of students' 
motivation and ct^nition. 
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III. student Cognition 
A. Knowledge Structure 

In recent years, ediicattonal and instructional p^rdiol(^ist5 have emphasized the impor- 
tance of meanlngfulteaniing(Ausubel. 1963. 1968; Greeno, 1978, 1980). The main focus 
is oil the que^on of how students oiganize and represent knowledge and the role of 
students' c(^nitlve structure in teaming. At the san^ tbne, there is a>i»:em about subject 
matter structures in diflerent disciplini^ (Schwab, 1^2). The appn^h ai cunknilum 
devt^pment ax»l curriculum evaluation t^sed on Gagne's n<rtion a lemming hierarchy 
( 1970) emphasizes the importance ccmtent structure in currknihmi preparation (Shav- 
elson, 1981). Hie work of these theorists suggests that, to understaxMl student acquisition 
knowledge axkd to improve instruction, it is nec^saiy to investigate both the structure 
of subject matter and the student's internal representatton of the structure of subj^ 
matter, 

1. Deflniticm of Constructs 

OL Content Structure 

Content structiux, as a structure of subject matter, is defined as the web of concepts 
(wonls, symbol^ and their intaTelationshi]^ in a of in^ructKmal materiaL* (Shavel- 
son & Geesim, 1975. p. 201). The content structure cmisists of the proposltional stnicture 
with the meaning of omcepts and operations and the pnx^ural structure with a set afrules 
or heurlsttes that sj^dfy the ^ep-by-step procedures for solving a problem or attaining a 
goal (Shavelson, 1981). Content structure is the structure of the object nmtta* (Phillips, 
1 AB3) and is therefore a kind cf public know!e(^e. The content structure of a course may 
be derived bom the instructional material, consl^ing oS lectures, texttocto. ^llabl, 
handouts, exams, etc. Shavelson and Gee^in (1975) and Oe«»lin and Shavels<m (1975) 
empkyed the directed graph n»thod (Haraiy. Nonnan, & Cartwright, 1965) to examine the 
content structure of plqr^ss smd mathematics texts used in colle^ <»* hl^ school They 
first Identifled 14 key concepts in a physics text and then identified the sentences and 
equations containing two or more these key cont^ts. These sentOKes and equatlcms 
were anatyzed by the digraph method. The r^ulting dlgjnaph. con^der^ a representation 
of content structure, has points (corre^ondt^ig to c<mcept^ and lines indlcatli^ the 
relationships between corscef^. The distance between i^drs of key (»ncept^ forms a 
distance matrtx, which m£^ be analyzed by multkiMen^cma] scaling and duUering 
techniques. Shavelson and Ge^Un have used such ccmtent structiures as crlt:rla to 
measure the prepress of students' learning in phystes und mathematics. 

Donald {1983) has studied the content structures in 16 tmiversity courses ^presenting 
different disciplines. She asked prt^essOTS to rate the key concepts in terms of salience, 
incluslveness, and degree of abstractness. The professors then used these key concepts to 
construct a tree and (tescrlted the relationships of each link in the tree structure. The tree 
structiure Illustrate the dominant relationships of key coiK:epts In the course. 

Donald found that the relationship most frequently found among the kty concer*^^ was the 
superordlnate-subordlnates relationship. She also found that natural science, hnmhm- 
ties, and social sciences courses differed in the form of tre» structures of key coiK^epts. Ilie 
natural science courses show^ greater use of dependent ^r causal relationships betiveen 
key concepts, whereas the social science and h'rnianltle- courses showed greater u&c of 
slmllartty relatloruJilps. 

Meyer (1975, 1977) used a method based on case grammar (Fillmore, 1968) and semantic 
grammar of prop(»itlons (Grimes, 1975) to identify the structure of a prose passage. The 
content structure was revealed as a hierarchtcally arranged tree structure that displayed 
the content of the passage. The nodes in the tree represented the content words: the lines 
among the nodes showed spatially how the content is Oiganlzed; and the labels stated and 
clai^lfled the relatlon^lps among the content. She found that the kleas' ix»ltlons and the 
pattern of specifk: relations in the content structure are important factors Influencing 
learning and recall. 
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Stewan(1980. 1982, 1984) and Flxileyaxul^ewart(l^) have iised conceptual maps and 
acthre strucmral networks to portray the krtowledge c^bcriLh coxuxpts ai^ propositions. In 
constnictjiig a network occflrst lists all the important concepts, their meanings, and their 
important propositions. The most tmjKirtant proposttlon is sele(^«l from the list as a 
starting point and then additional concepts are added to the core. Labeled lines connecting 
the concepts descnl^ the rdatlosshli^ amisig the cox»xpts. A fbwchart is a<«ed to 
represent the procedmal knowledge in a sertes of steps f£ sut^oals to he solved. A science 
currknilimi represented in this way will enable the cwricular developer (1) to survey the 
knowledge domain In a disdphne, (2^ to select appropriate subsets of knowledge for 
students to learn, (3) to sapience the curriculum content in a meanhigful way. and (4) to 
suggest the appropriate teaching technique to present the information The combination 
of conceptiial and procolural knowledge would present a meaningful problon-soVlng 
model for science students (Stewart. 1892). Stewart (1982) and Flnley and Stewart (1982) 
have applied th^e t«±niques to repre^nt sub^antive ^ructures in genetics and ecology. 

TheM studies on the characteristics of content structure of instructional material help 
educatois in designing a currk:'4lum and in adapting teaching strategies to different 
instructional materials. 

b. Ck)gTiitive Structiire (Krunvledge Structure) 

It is generally screed that cognitive structure knowledge structure may be considered as 
a mental structure ci organized knowledge stored in a learner's memoiy (Ausub^l, 1963: 
Ausubel, Novak. & Hanesian. 1978; Shavelson, 1974). As a hypf^etlcal construct, 
cognitive structure refers to the organization of different kinds of knowledge and informa- 
tion ixikmg-term memory (Shavelson, 1972). We win use the lenns cognitive structure and 
knowledge structure interchangeably. 

Although cognitive structure is "an internal representation (tf conceptual structure" or 'a 
representation of subject matter structime" (Preece, lS78a), it is nevertheless a 'student's 
public imderstanding of a discipline" (Shavelson. 1983). It is public in the sense that the 
c<^nltlve ^ructure can be inferred and described by obj «:tlve measures and company with 
some objective criteria. 

Some theorists (e.g.. Rumelhart & Ortony, 1977; Spiro, 1977) have considered cognitive 
structures to be schemata. 'Cognitive structures (schemata) are cumulative, holisUc, 
assimilative blends of information'' (Spiro, 1977, p. 137). According to Mandler (1985). a 
schema is "a categ(»y of mental structures that stores and organizes past experience and 
guMes our sul^^uent i^rceptlon and experience" (p. 36). Cognitive structure, as prior 
knowledge, is vtei^ as one of the mo^ important varlabtes in determining meaningful 
learning and retenti<m (Ausubel 1968). 

Different th^sries of memoiy have iK>stulated dlfTerent kinds of comp<u%nts and different 
representations for cognitive structures. D&daratiue knou^edge, represented by concepts 
and propositional networks, and procedural knowledge, consisting of intellectual skills, 
production systems, and heuristk: rules, are two closely related components of the cc^nltlve 
striK^ture (Anderson. 1980; E.Gagne. 1978;Greeno. 1978; Shavelson, 1981). Gagneand 
White (1978) and White (1985) also indude images and epi^des as components of ct^nltlve 
structure. Anderson ( 1983) proposes spaUal inoages as a kind d'knowledge representation 
that presoves the ccmflguration or pattern of elements. Eplso<tes (recollections of events) 
are derived from personal experiences. Therefore, they have spwlal meaningful connections 
and significance for the individual's knowledge structure. 

2. Study of Knowledge Stmetiire in DUfereiit Subject Domains 

Most studies <rf knowledge structure have been exploratory appn^ches investigating the 
feasibility of diffo^t techniques to assess, infer, or represent knowledge structure. These 
studio have involved a variety of subject matter areas. 
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Several studies have tavestlgat^ the development and change of knowledge structiire as 
a result of Instructkm and learning. Frar example. Shavel^m (1972) and Ge^lln and 
Shaveteon (1975) have studied the corrrapondence betw^n content structure and the 
c(^nltlve structures ^doits after Idling taught physics and mathematics. Such 
research tests the con.«truct validity of the knowledge structure concept and at the same 
time provides evidem^e for the value of the techniques used for assessing knowledge 
structure. 

Many ^dles were carrl^l out in science education and used high schod students as the 
subjects oS investigation. Some oi these studies are concerned with the methodological 
issues, and the results and findings are of value for postsecondaiy education. The studies, 
group^l by subject matter areas, are listed in the Table 1. 

3. Anessment of Ci^nltiTe Stnactitre 

a. Techniques 

The puriM»e {^assessxront is to reveal and infer a representaticm of the subject's cognitive 
^lucture. Ba^ <m the assessment procedure employed, the techniques can cl^sifled 
into two cat^OTies: (i) indirect azKl (ii) direct. Tlie indirect appat»ches require two 
procedures: d^ta gathering aiul scaling. For data gathering th^ techniques first um key 
coxK^epts to present a task to subjects for their responses: they then sccat or transf(»m th^ 
responses mto proximity or distance measures as an mdication of the relationships between 
the stimuli or key concepts. Scaling m^ods are used to yiekl the repr^ntatlmi of 
cognitive ^ructures from the distance matrices. 

hi direct approaches mibj«:ts are asked to arrange k^ concepts and propositions and to 
construct srane kind of spatial diagram or hierarchical structure to indk:ate the relation- 
^ps among the key concepts and prop(»itions as well as the overall frame\rork or 
structure of the text material and passage. The spatial diagrams pn^uced by the subjects 
m£^ be considered reprraentations of subjects' a>gnitive structuies. 

The data-gathering procedures fen- both the indirect and direct approaches should address 
these issues: 

a. Defining a domain of stimuli or key concepts and propositions that represent the 
subject matter 

b. The appropriateness of response to be elicits by the stimuli 

c. Clear instructions to infomi the subject of the task to be j^rformed 

d. An adequate rule to score or transform the responses into indices 
(1) Indirect Approach 

Indirect approaches to assessment include word association, card sorting, ordered-tree 
techniques, and interviews, prefnence Judgment, and similarity rating. 

1. Word atsoclatlon. The use of word association to infer cognitive structure is hf3cd on 
Deese's work (1962. 1965), whirh provides a theoretical background for studying the 
structural relationships l^tween concepts in a domain of subject matter. 

In the woid association task, subjects are presented a set (N) key concepts chosen to 
represent a domain of topics, such as elementary probability in mathematics (GeesUn & 
Shavelson, 1975). Each key cox^pt Is printed at the top of sheet and also ten to twenty 
times down the side of page. The subjects are ask«l to write down as many connects words 
as they can think of when presented a key word; they are told that (a) the chaining response 
is to be avoided, (b) single words are to be used as responses, (c) repetition of a response 
on the same page is to be avoided, (d) there is no limit to the number of responses, (e) there 
is no right answer, and (fl subjects should not wony about spelling mistakes. 
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TABLE 1 

SUmSm of Tm^A^ mnd LMmtaig 



SUaSCT MATTER 



^IflJECT LEVEL 



Uaj^ & GiBimo (1972) 
Geesfin (1973) 
ShwBtMn & (1975) 
^lav^ran ft Qee^ (1975) 
G68^ & ShavBtson (1975) 

Phymlos (Itodmries) 

JoNtson (1967) 

iMiram (1M9) 

Johnsm, Con, & Curran (1970) 

^M^ii^on, Cmm, ft Cox (1971) 

9)arai«>n (1972) 

Shavdson (1^73) 

Shavetson & Oeesiin (1975) 

PrMco(19^) 

Pf9eoe(l97ltt} 

N8gy(1978) 

liriiD(197B) 

Ctmmpoff^, Hoz, & Kkiip(er(1984) 
Chsmp^in9, Qimton, ft 10^^ (19B5) 

Chomtotry 

Oomtolsky&^(1^) 

Poychofogy 

Fer#(or(1975) 

NavofvfimjaiT^ et al (1986) 
Goology 

Campagneetd, (1^1) 
8od«l Setonoo 

S^0tal.(1978) 
S^noo Program 

Hamblelm^ ft ^leelw (1977) 



High School 
Taacftafs 
Toachm 
High School 



CoAege 
Htgh School 
Colego 
Co^a 
H^hSchod 

SchO(d 
Taachofs 
C<rilam 

Schod & CoSege 
High School 
C^ege 
Coflaga 
H^ School 

Taad^rs ft Hi^ Scho^ 



CoSege 



Coto^ 
CoSega 



H^Scho(d 
HighScrfKXrf 
High SdYool 



For each subject, a resiK)xise 11^ to each of N stimulus words is obtained. The relationships 
between pairs of kej^ words Is Indexed by the x^tedness cc^lllclent (Garskof & Houston. 
1963). which Incorporates the response frequency to a given stimulus with the overlap 
between response distribution for pairs of stimulus words. The relatedness coefilclent 
therefore represents the degree of asscKilative similarity In meaning between pairs of words. 
An iV X JV symmetric similarity matrix of relatedness coefiklents is constructed for each 
subject A matrix d median relatedness coefUdents Is obtaln«i by combining individual 
similarity matncra to represent a group similarity or proximity matrix. 

A number of studio have applied different scaling methods to the proodnilty or distance 
matrices based on the word association data: multidimensional scaling methods (Geeslin 
& Shavelson. 1975; Shavclson, 1974; Thro, 1978; Champagne et al.. 1984; Nagy, 1978; 
Johnson, Cox, and Curran, 1970; Johnson, Curran, & Cox. 1971); hleraxrhlcal clustering 
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technique (Shavelson, 1974; Shavelson & Stanton. 1975: Thro. 1978: Champagne et al., 
1984: Mordra & Santos. 1981). graphic technique (Preece. 1976a, 1976b): latent partition 
analysis (Champagne. Koz, & Klopfer. 1984). 

Shavelson ( 1972) has found that the ct^nlttve structure of an experimental group based on 
1 4 key- concept, word association data changed considerably during a short physics course 
and the students' c(^utlve stricture coiresiMnKlc^ more closely to the content ^ructure 
at the end of instruction. GeesUn and Shavelson (1975) also found that the cognitive 
structure of students becaoK more similar to the content structure during a probability 
course. Thro ( 1978) found that the greater changes in the associative structure (cognitive 
structure) occuxr^ in the first week of exposure to the course material axu! the students' 
cognitive structure showed significantly ^eater correlatton with the instructor's cognitive 
structure after taking a general phystes course than at the beginning. The establishment 
of related concepts in the students' cognitive structure was found to be a significant 
predtetor for achievement in course. 

2« Card sorting. In card sorting, the task is to sort a set of concepts into clusters based 
on the "similarity of meaning" of concepts (Miller. 1^9). The chosen key concepts appear 
on 3 X S raxvlon^y ordered cards, with a dlfTonrait key concept typed cm the center of each 
card. Subjects are asked to scat the key concepts into as nauy pfles as they jois^er 
appropriate. They are asked to sort the ccHKxpts so that concepts wtthm a pile will be more 
similar to each other than to concepts in other piles. An Nx N proximity matrix is formed 
with 1 (one) in an entry iUjiif concepts i and J are sorted in the same pile, and 0 (zero) 
c^erwlse. Miller ( 1969) has provided a thmiy of sorting for partltl(Hiing a set of cox»xpts 
into clusters. 

Hie cognitive structure £rom the group proximity matrix is revealed by latent partition 
analysis (LPAJ (Wiley. 1967; Champagne et al. , 1984; Gorwletsly & Hoz. 1985: Hamblc- 
ton & Sheelan. 1977); hierarchical clustering technkjue (Shavelson & Stanton. 1975; 
Champagne el aL, 1984): and multkilmenslonal scaling (Champagne et al, 1984). 
GorodetslQr and Hoz ( 1 985) have ^own that the students' group c<^nlttve structure became 
more similar to the teacher's cognitive structure at the aid cf a course in chemistiy. 

De Jong and Ferguson-Hesskr (1986) presented students with 65 elements each printed 
on a card to repreisent 12 problem types in physk!s. Each problem type cons&ts of a set of 
knowledge elements that represent a problem situation, declarative knowl^e. and 
procedural knofwledge. The students sorted the 65 elements Into piles. A hierarchical 
clustering analysis tmrhnique was u^ to analyze the sortings of the gpod and the poor 
problem solvers. The kiiowledge structiues cf the two groups differed. The outings and 
clusters of the good pn^lem solvers were essential^ probtem centered, whereas the 
sortings of the poor problem solvers were determined nuUnly by the surface characterlsUcs 
(tfthe elernents. 

3. Ord<»ed treo teehnlqtte. The ordered tree technique used to infer the representation 
of cognitive stru-^urc is a modification of a technique devetoped by Reltman and Rueter 
(1980) to investigate free recall data. The technique is based on a theory of mental 
organization (N. F. Joiinson, 1972) that assumes that single concepts or sets of concepts 
are mentally organized liitu a hiexBrchy whose lowest level terminal nodes represent the 
single concepts and who^ cum-texminal nodes represent mental nodes that stand for their 
constituents. This technique capitalizes on the fact that people have a tendency to recall 
all items of one chunk of information before moving on to the next chunk. Cognitive 
structure is inferred from the way students order a set of concepts from the course material. 

To construct an ordered tree, the subject is presented a matrix of key concepts in a course. 
The subject arranges the comepts in a linear fashion so that pairs of concepts that are 
ctosely related In terms (tf meaning in the course will be close to each other. In the first and 
fourth trials, students can start with aixy concept Ixi the second and third trials, students 
are told to start with a specific coi^ept. The us<; of cued trials t** intended to break 
stereotyping and encourage variety. Each trial takes about 7 minutes. "''herelsanS-mlnute 
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hTtsk between trials, during which the Instructor continues the nonnal course lecture. A 
c<anputer a]g(»lthm finds a set of all chunks for each sut^ect and represents this set as an 
ordered tree, which can be cox^ctered a representation dthe student's cognitlra structure. 

Four measures of characteristics of the 'ordered tree" have been pnxluced by the method: 

a. Grouping- the amount of oxganlzation of the ^ructure 

b. Depth or average hierarchical number of levels of the tree 

c. Similartty. or semblance, to anther tree 

d. Directionality- the ordarinformatloninthe tree indicates thewayln which students 
traverse the structure. 

Naveh-Benjamiu. McKeachle. Un. and Tucker (1986) have used th^ ordered tree technique 
to infer ^dents' o^gnitive stnictuies and their deveIo]»x%nt In a c<dlege course. McKe^ 
then, Rettman. Rueter. and Hlitle UdSl) used the csdered tree technique to study 
knowledge organization and skUl dlfferenc<» between expert computer pn^rammers and 
novices in a py ogi amm ing language. Hirtte and Jonides (198S) have fouxxl evidence of 
hierarchical organization of landmarks in cognitive maps of natural envinmments by using 
this technique. 

4. fiateiview. Itecenily, seme r^earchers have |»t>p<»ed using Interviews to study 
students' cognitive structures. Pines (1977) empkr^ a modified Plagetlan clinical 
Interview to Investigate relevant existing cognitive structures prior to and subsequent to 
insbruction. The izitervlew transcriptions were transformed Into retevaiit proposmozis by 
conceptual propositkmal analysis. The evidence foimd supports the hypothesis that an 
Important relatkmshlp exists l^tweenprtorkiHwIedge arKl the resulting cognitive structure 
foUowix^ in^ructton, and that relevant o^nltlve ^ructure is an imjKjrtant factor affecting 
learning. 

Gilbert, Watts, and Osborne ( 1985) used an Intervtew-alMmt-instanc^" technique to elicit 
students' views about oltk^al and x»)ncntk»l attributes of the word and to identify the 
sources of valid and invalid use crfthe sdentifk concepts. The interview data were analyzed 
in five categories: personal, task. card, the concept, pad the conceptual firamework in order 
to tmderstand students' knowledge and cognttive structures. 

West, Fe nsh am. and Garrard (1985) used finee-definitlon type questions to obtain proposl- 
tlonal staten^nts fnan stuctents. The procedure r^uires about one hour of group testlx^ 
and oxse hour of lodMdual interviews. The Indivkiuars o^nlttve irtructure is represented 
In the form of a "proposttlon skeleton" with boxes (nodes) as stated oroposttions and letters 
as stated relationdiips between boxes. An elaborated proposition skeleton could be a very 
comptex structure showing the interrelationships proiK^^tions and the depth of 
knowledge ^riHrture. The dlmex^lons of integration of proposltlonal knowledge, dlfferen- 
tlation irfproposlttonal kx»>wledge. dlfferentiaUon of skills and examples knowledge, articu- 
lated prt>^)^tional relatedn^. and depth of proix)sitlonal knowledge have been proposed 
for csdractir^ information from the proposltlonal ^c^leton. 

White ( 1 985) also used interview data for studying cognitive structure. Based on Gagne and 
White's model of memory (1978) White considers the cognitive structure to consist of four 
sorts of elements: proposittons. intellectual skills (pr^^edural knowledge), images, and 
episodes. He also propc^^nlrle dimensions of cc^nltlve structure: extent, precision, inter- 
nal consistency, accord with reality, variety of types elements, variety of topics, form of 
organization, ratio of internal to external associatlor», and availability of knowledge. The 
useftilness of these dimenstons should be evaluated in terms of the criteria of (a) 
practicality, (b) robustness, and (c) creativity (White. 1985). 

5. Preference judgment In the preferencejudgment task, the method oftrlads {'order 2/ 
3") is used. Three statements or propositions are presented as an item. Each subject is 
asked to indicate which statement he agrees with most (prefers) and which statement he 
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agrees with least in each item. Obtaining the subject's preferences on all possible triad com- 
binations, a scale can be derived descnblnj$ the relationship between the statements. The 
Individual's scale Is called an "I" scale to represent this aspect of his or her cognitive 
structure. 

Runkel (1956) has applied the method of triads with a set of five statements to assess both 
students' and instiuctofs* cognitive ^ructures in an introductory p^^olc^ cour». The 
ccanpatibllity of student-teacher's cognitive structures is indicated when the two I-scales 
can be unfolded into or generated by the same qualitative J {Joint} scale. A qualitative J 
scale is an ordinal scale where "Each Individual and each stimulus may be represented as 
a point on a common dimension.'* (Cocsnbs. p. 80), in other words, it is a scale 
cooobining the scales of the individual students so that one can determine where each m- 
div^ualfaUsonthecoimnontmdeilylngdlnKnstonalcmgwhtehtliestatemeiitsfafl^ Runkel 
labeled the compatible I-sca^ as the co-linear I-scalea Runkel ( 1 956) found that for those 
students whose l-scalra (cc^uitlve structure^ were compatible with their instructors both 
at the beg in ni n g and the end of semester grades were higher than for those students whose 
I-scales not compatible with their instructors. Runkel Inteipreted the compatibility (co- 
linearity) ofI-a:ales as an indi«»tlon of ci^nitive similarity which mmki facilitate the efficacy 
of osnmuntoatlon l^tween studoits and instruct^s on cortam topics. 

Un, McKeachle. Wemander, and Hed^ard (1970) tried to replicatt; Runkel's study { 1956). 
They used the same set of statements and different sets of stiitements to assess the 
compat&illty of cognitive ^ructtues b^ween students and insbuctors in mtroductoxy 
pstycholc^ courses. They did not find the relationships between stvident-teacher compatl- 
biUiy of cf^tlve structures and indents* pexfonnaiKse that Runkel did. They suggested 
that the concept of coilipatlbillty of cognitive structures be expanced to include both the 
d^iee of a»npatibllity located on a contlxxuiim instead t^ng all «r-none didiotcsnous 
catcgoiy and the pattem of compatibility on a number of salient don^ains or dimensions of 
the costive structures. 

0. Similarity rating. In the slmllanty rating task, all concepts or stimulus words are 
presented in pairs. Each pair ofwords is rated as similar or dis^mllar on a 7-polnt scale. 
These rating scaks are designed to see how similar or rfteftimiiar you feel the concepts 
represented by the words are to one aiu>ther." (Johnson. 1967, p. 77). The median similarity 
ratings were correlated with the relatedness coefficients of the same concepts from the word 
assodatton task as a n^ans of validation (Johnson. 1^967, 1969: JohnsoaCunan, and Cox, 
1971). The simUartty Judgnunts between pairs of words were also used as proximity 
measures for multidlinensional scaling to genoate psycholt^lcal space or cognitive 
structure for the concepts (Johnson. Cox, and Curran, 1970). 

(2) Direct Approach 

Direct approaches to assessment include tree construction (graph building), concept 
mapping, concent structuring analysis technique (ConSATI, networking, mapping, sche- 
matizing, and concept structuring. 

1. Tree constmcttoi (Graph building). In the tree construction task, the subjects receive 
a copy of writteu instructions and an alphabetical list of JV key concepts. 

Each subject is to produce a linear graph by connecting pairs of corarepts with lines. The 
subject first pteks from the list two words that seem the most related to each other. The 
subject writes these two words in the middle of the page and connects them with a line and 
labels the connecting line with a "1." Then the subject has two opUons. The first option 
involves selecting from the AT- 2 remaining concepts one cora^pt thought to be most similar 
to cither of two coroepts already selected. The subject writes this term down on the page, 
connects It to the slznilar word, and numbers the connecting line with a "2." Tlie subject 
continues to select the remaining concepts and labels the lines with the next higher number 
tmtU all concepts are connected in a linear graph. 

The second option includes a new tree. After picking the two most similar words, the subject 
can start a new tree by pteklng two words that are more similar to each other from the N 
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- 2 remaining concepts and write these two words down and connect them with a line labeled 
rz." The subject continues to u^ option A or option B to connort wtmls to the tree until 
all the words on the list are used. The subject then connects the separate trees. ThencKies 
on the tree or graph are the N concepts, and the numbered lines on the tree represent the 
similarity between pairs of concepts. The ^naBer the numbers Unking pairs df concepts, 
the more similar the concepts are in tenns of subject's perception of the concepts . Rapopon. 
(1967) has compared these two options of constructing a tree. He fourd that the formal 
structures of resulting graphs do not dlfiTer but option B has fewer c<mstraints aiul is more 
flexible and thus to be prefeired. 

Donald (1983) used the tree construction techn^ue to study content structures of 16 
university courses In the natural sciences, humanities, and social sciences. Shavelson ax^ 
Stanton (1975). Preece (1976a). and Champagne et aL. (1984) used this technique as one 
method to yteld representation of a^nltlve structures In their validation studio 

2. Concept mapping. In the concept mapping task, the students are adced to constiua 
a concept map to represoit a set of propc^tKms In a lecture or In^ructional materUil (Novak 
& Gowin. 1984). The ^udents are supplied with a 11^ of relat«l ccmcepts, and then 
construct a map 'vlth the most lr»dusive or general coiKept at the top of map and 
inclusive concepts at the kxwtr levels of hierarchy. Tl^ students have to decide the wKy to 
construct a hierarchical map aivi choose the words to link the concepta Another method 
Is to ask students to identify the key coiM:ei}ts from instructional material and construct a 
hierarchical map. The students are also requested to link concepts with labels to Indicate 
their ieIatKmshli». The concept maps produced by students at the different stages of 
learning may be an expresston of prlOT knowledge, mlsccmcepttons, learning mitcomes, or 
creative thlnklx^ A scorlxig system has been develops to provide quantitative assesKxrent 
of concept maps (Novak & Gowin. 1984). Novak. Gowln,andJohansen (1983) have found 
that a hl^ perfonnance in concept mapping may require ^nnewhat different abiltUes than 
those measuml by standardized testd or typical clsussroom exams. 

3. C<mcept stnicttirl]^ analysis technique (C<hiSAT). Concept structuring analysis 
technique (ConSAT) (Champagne. Klopfer. Desena. & Squires. 1 98 1 ) Is a c(»nblnatlon of the 
free sorting and Interview techniques. In ConSAT. each concept structuring task Is 
administered on an individual basis. The student is given a act d* cards with one concept 
(temi) on each card in a given topic or subject matter. The student Is a^d to arrange the^e 
cards on a laige sheet <k paper to show how the student thinks alxjut the wtmls. White 
completing the arrangement, the researcher, guld^ by the student, connects the related 
words or groups of words with Wnes and labels the lines with the rdatlonship that the 
student Indicates. The resulting concept structure Is a representation of kxuiwledge 
structure. Champagne et al.. ( 198 1} compared students' structural repr^ntations l^ore 
and after science instruction In geology and found that students' representations after the 
instrucbon became clc»er to the content structure of the subj«:t matter. The ConSAT task 
may thus provide an useful technique for assessing understanding and the learning 
outcome of a discipline. 

4. Networking. The networking technique as described Holley and Dansereau (1984) 
is a kind of mapping technique using ncxles to represent concepts and lines or arcs to 
represent relationships between concepts. Holley and Dan^reau ha^ used six kinds of 
links to indteate three types of structures, namely, hierarchy (part of and tyi^ of), chain 
(leads to), and cluster (anal(^, characteristics, and evidence). Applying networking to text 
materials will result In a spatialty oiganized hierarchical structure of the information in a 
passage. Orl^Aially. networking was design^ as a learning strategy for reading compre- 
hension and text analysis, but it can also used to assess students' understanding of 
learning materials. The spatially hierarchical structures produced by students can thus 
be considered to represent their knowledge structures. 

5. Stepping. Mapping is a way of "representing ideas in texts in the form of a diagram' 
(Armbruster & Anderson. 1984). In the mapping, text materials are repr^ented in a 
hierarchically structured relational map (Schallert. Ulerick. & Tlemey. 1984). The 
comparison relationships (similar, not similar, greater than, and less thai^. process 
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relationships (temporal and causal relation^ips), and proi^rty relationships (character- 
istics, example, and set relationships) of concepts and propositions are represented by 
dlffeient symtote in the map. 

Mapping can be applied to the ideas in the text at the level of concepts and propositions, 
or at the level (^larger text units such as "text irame" as "the structure (rftext that responds 
to questlcms about the generic concepts of a disK:ipline" (Annbruster & Anderson, 1984, p. 
202). Mapping can proceed either bottcan*up or top-down, depending on the purfwse and 
the pxlor Imowledge a£ user. Mapping is useful not only for explicit^ describing the text 
Infonnatlon, but al^ for helping students imderstand and structure what they read In the 
text. It may also \x a usefixl tool for teaching writing. The student could use the oiganized 
infonnatlon in Tiapped form as an outl^ and then tran^te the map into prose 
(Armbruster & Arderson, 1984). 

6. SchematMiig. Schonatizing is a heuristic methcKl lor "creating a graphic representa- 
tion of a study text" (Mirande, 1984, p. 150). It creates a two-dimensional representation 
with key terms as lat 'Js and with lln^ and arrows co indicate relatlon^K^s between two 
labels. The relationship symbols represent static relation^ps. dynamic relationships, 
similarity, interaction, positive influence, negative ii^uence. and negation. Mirande (1984) 
lists six major c(»nponents of schematizing procedures as follows (pp. 155> 156): 

a. Surveying books and articles 

b. Sklnmiing chapters 

c. Selecting labels and relationships 

d. Arranging sdiematizatlons and subschematizations 

e. Evaluating the schematizatlons 

f. Specifying labels 

Schematizing, original^ design^ as a spatial learning strategy, may abo be used to depict 
the ovendl Cramework or macrostructure oitext. The schematiration produced by a student 
can be considered an indication of students' understanding of course materials and thus 
as a representation of their knowl^ige structures. 

7. Concept steuctnring. The coxKept structuring technique described by Vaughan ( 1 984) 
"involves the integratton of varied readings of an expositcny text with the construction of a 
diagram that depicts the conceptual relationships as a reader percehres them" (p. 130). It 
is also a spatial learning strategy, but it can be used to assess the resulting cpgnittve 
structure following stu(^nng as weD. The procedure requires the subject to read the 
esqK^itoiy text three tim^. In the first reading, the subject surveys the text and tries to 
ictentify the topics and the superordinate and the subordinate concepts. Once these 
concepts are identified, they are then depicted In a graphic overview. The s^xmd reading 
is an analytic reading seeking an under^anding of the text and elaborating on the first stage 
of the graphic overview. The reader pays attention to the essential details for darlfying the 
major topics and inserts the clarified concepts in^o the graphk; overview. The third reading 
requires the student to scan the ncmessentlal detailed information and to insert it into the 
graphic overview. The canplete graphk: overview represents student's understanding of 
the concepts and their relationships in the text. 

b. Reliabaity andVaUdtty 

1. ReUabUlty. Reliability of the representation of cognitive structures is illustrated by the 
test-retest correlations and stability of similarity or proximity data generated by the 
different data-gathering techniques. For the word association technique, Preece (1978b) 
found a test-retest correlation of . 49 for the relatedness coefficients over a three-year period . 
Nagy (1978) also found compatible results (r = .45 and .42) for a one-month intenral. 
However, Champagne et al. (1984). in their study of response overlaps (relatedness 
coefildents) of the pre- and post-test (vord association to five ke> concepts in mechanics, 
found that mean relatedness coefllcients range from .07 to .41 with a median of .22. They 
considered these low correlations evidence of lack of reliability of the word association 
technique. They found that card sorting and tree construction techniques yielded 
reasonably consistent group respor^ data in a two-month interval. 
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Hie stability of the aignlttwe structures as represented by the ordered trees has been 
investigated by Hlrtle { 1982). The average stoUarlty as measured by the McKelthen et al. 
Index (1^1) between the original trees and trees six weeks later was .68. Thus the trees 
are fairly reliable in the sense of being reasonably stable over time. 

2. Valklity. The validity of the representation of cognitive structures can be assessed In 
the following ways: illustrating convergent validity by investigating whether the represen- 
tations of cognitive ^nnrtures produced by dlfifermt data-gathering techniques on a set of 
data are similar, and lUustratliiig corwergent validity by studying the relaUonshlps between 
changes in teaming achievement and changes in cognitive structures after instruction. The 
links between learning outcomes and changes in a^nitlve structure can be viewed as some 
evidence for validity (Nagy. 1983). 

In a study of some psych6Io^»l aspects of 14 key concepts in physics, Johnson (1967) 
found a high rank order correlation between the median relatedness coeffklents and the 
median sJmikrlty rating (r>s .75). Arankordo-asnelationof .85wasfoundbetwe«niafree 
sort test and stxnilanty rating and the rank order correlati' ai between association tests and 
slmllarit;' ratings for nint key concepts in physlrs was .79 (Johnson, Curran, &Cox. 1971). 

Shavelson and Stanton U975) studied thx .arlty af cognitive structures from word 
association, card sorting, and graph building (n^ generated by two experts and 12 teacher 
interns in mathematK^ The hierarchk^ structures of 12 concepts in operation systems 
are quite ^mUararxMi^th^e three measures. Similar rraults were also obtained by Preece 
(1976a) and by Champagne et al. (1984). Champagne et al. have applied multidimensional 
scaling, hierarchical clustering, and latent partition anal^rsls methods to data generated by 
free sorting, tree constitiction. and word association techniques. The representations 
yielded by lat^ partition analysis and hierarchical clustertrg solutions tend to be simUar 
to each other, but are quite different frcmi those representations produced by the 
multidimensional scaling method. 

In theory, instructlfm should have effects on both the craitent and the structure of 
knowledge in students (Shavelson, Webb. & Burstein. 1986). The demonstration of effects 
of instruction and learning on both achievement and the representations of cognitive 
structures could provide some evidence for the construct validity crfcognltive structure . The 
covariation links between learning achievemonit and resulting ciianges in cognitive stmc- 
tures have been the subj^ of research by mar^ investigators. 

A number of studies have ^own that ^udents' o^nitlve structure became more similar 
to content structure after instruction (Sliavelson. 1972: Geeslln & Shavelson. 1975; 
Shavelson &Gee^. 1975;Fenker. 1975; Stasas, Shavelson. Cox. & Moore. 1976). and more 
similar to the teach^-'s a^jiitlve structure (Gorodetslgr & Hoz, 1985: Naveh-Benjamln et 
al.. 1986; Thro. 1978). In Mordra and Santos" study (1981), the contents of thermodynam- 
ics were taught in two different ways. One class studied the content in an Ausubelian 
approach, with all key concepts and basic laws introduced at the begliming of instruction. 
The other class was taught in a regular fashion with a linear sequence of concepts 
introduced one after another. The conceptual hierarchical clusterings of key concepts of 
the "Ausubelian group" was more coherent with the conceptual ^ructure of the subject 
matter. 




In the study by Naveh-Bei^amin et al. (1986). students' cognitive sti:uctures became more 
oiganlred and more similar to the instructor's structure at the end of course. The ariount 
of organization <^tree structures and the indk:es of similarity l»tween students' structure 
and the instructor's structure correlated sigmffcantly with students' achievement in the 
course. Furthermore, it was found that the amount of organlzaticm of cc^nitive structure 
and the degree of similarity between students' structures and teacher's structure interacted 
to iriluence performazK^ In multiple choice and essay portions (rf the final examination. 
Stu( lents with more highly organized structure do well if their structure was similar to that 
of the instructor, but they did not do well if Lhelr structure was iwt like that of the instructor. 
In a similar vein, significant correlations were found between percentages of variance 
representing the degree of similarity between students' cognitive structures and content 
structure and coui'se grades in two psychology courses (Fenker, 1975). 
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c. Uniitations 

The pxcsent techniques for assessing and inferring representations of cognitive stnictures 
have some limitations which have to be taken into account for theoretical considerations 
and prEK^Ucal application. 

1. Tlie limits of tiiedomalii. Hiedomainof the as^ssedct^nltlve structure or content 
structure is defined and restricted by a limited number of the key concepts (e.g., 14 or 16 
concepts) in each of the methods used thus far. These concepts are usually only a subset 
of concepts in the ^ole area of a subject matter. 

A related problem is what kind of concepts are used to describe cognitive structure. The 
criteria for selecting the key concepts to describe the cognitive ^ructuie have not been well 
ddln^ in many studies. One criterion may be the centrality (tf concepts to the subject 
matter. Hie selection of the tey concepts for defining the dcnnain of c(^nitlve structure and 
content structure is still aJud^iKntal task that ne^ls to be lUiunlnated by further research. 

2. Statte ▼cisits dsmamie mo^ls of ci^nittve strnctmres. Mc^ representatloas of 
cognitive structure d^cribe the static aspects of the propositlonal structure of declarative 
knowledge. Ihe repr^entations of cognitive structure as shown by the multldimen^onal 
scaling and hlerar^ical clustering tre^ tell very little al^nat the nature of relattoiships 
tetween concepts (Strike &Posner. 1976: Stewart 19791 and the dynamic properties of the 
structiire (Sutton« 19^. In response to these criticisms, the lathis or Unks used in the 
concept mapping nKthod (Novak & Gowln« 1984) or the representations generated by 
ConSAT (Champagne et al.. 1^1) are intended to d^crlbe the nature relationships 
among concepts. The description dTprocedural knowledge in cognitive structure is lacking 
even though the use <^axuxpt profile analy^ (Gmtxlet^^ & Hess. 1980) may be a methcKl 
for tapping 8on« dynamic asp^rts of c<^nltive structure. 

Many representations of cognitive structure also lack diagnostic value for individual 
indents orgrou;^ of students (Shavelson. 198 1). This will limit the usefukiess of cognitive 
structure for instructional purpose. The compUadty and the dynamic aspects erf cognitive 
structure have noit yet t^n well dealt with. 

3. The Indlvldiial and group Uak issues. The content structure of a subject matter is a 
kind of public kncfwledge. It derives from the consensus of experts or scientists in a 
discipline. Therefore, content ^ructure may be considered as "a group average cognitive 
structure" (Nagy. 1983). Nagy, however, has raised the question of interpreting "a group 
averagecognittvestructure'foranindividual'scognttlve^ructure. That cognitive structure 
is "an internal representation erf subject matter" (Preece, 1978a) Implies that it is an 
indtviduaJ's knowledge structure. The dracription of ct^nitive structure for individual 
students seems to be more lo^cal and mwe useful than group structures In under^anding 
how cognitive structitre develop and changes as a result of learning and instruction. 

4. Multiple repx<:sentations ci ci^{nltive structure. We should recognize that there may 
be more Uian one way to rej^esent cognitive structure and content structure (Shavelson. 
1981). The internal representations of subject matter structure may not be uniquely 
identiflini or constructed fnm behavioral data by any measurement technique (Phillips. 
1983). Tlie individual representation of cognitive structure constructed or inferred by any 
technique may be viewed as a representative structure or a dominant structure (Naveh- 
Benjamln et al., 1986). The multiple representations and the complexity and varieties of 
cc^mtive structure, therefore, cannot be ad«iuately assessed or described by any single 
measure. 

8. The problem of transformatioa of data. Many assessment techniques have to 
transform the elicited responses into some kinds of similarity or distance measures for 
constructing representations of cognliive structure. These transformations may miss or 
mask some potentiaDy important characteristics of cognlUve structures. Stewart (1979) 
has questioned the adequacy of using the digraph method for assessing the content 
structure of instructional material and in using proximity data to assess the truth value of 
relationships among concepts. 
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6. Practicality of assMment techniques. How easily can teachers employ these 
methodologies to study students' C(%nltlve structure? Some assessment techniques 
invohne rather complicated «:allng methods to infer or construct cognitive structure. Hie 
impiactlcallty of these meth(K]s may prevent the average teacher from using these methods 
to understand how students organize their knowledge and how students leam the subject 
matter. 

Taking these limitations together, it appears that Nagy (1983) Is reasonable in stating that 
"cognitive structuring as a measurement device Is cleaiiy tn its infancy, and In Its present 
state must be considered to be a "blunt instrument*" (p. 32). 

4. DcTelopment of Cc^nitive Structure 

CL Teaching Knowledge Structures 

The ImportaiK^e of oi^ganlzatlon and structure In the acquisition of knowledge and learning 
is revealed tn the top-down approach ci teachli^, which is based on the notion of concept 
hierarchies in the cox»^tual ^ructure of su^ect matter. Potent (aSy, teachers could 
influence the developanent of students' knowledge structures by ( 1 ) presenting the structure 
and oxganlzatlon c£ instructional materials In a meaningful way. (2) requiring students to 
actively organize the learning material, and (3) acttvating the learner's cognitive structure 
and lliiklng the instructional m£terlal to students' knowl^e structures. The general g(»l 
is to develop and restructure students' knowtedge structiire. 

1. Presenting oig{mlzation in the lastractlonal material. There is some evidence 
showlt^ that comin^enslon. imckr^andlng. and reoOl are iniluenc«l by text ^ructure 
and organization (Meyer. 1975, 1977: Kintsch & Yarbrough. 1982; Yekovich & Kulhavy. 
1976; Brooks &Dansereau. 1983). Kintsch, K(mninsky,Streby.McKoon.&Keenan (1975) 
and Miller. Perry, & Cuxmliigham (1977) foimd that suj^K^^inate propositions were 
recalled better than subordinate propositions. Hie encodbig and retrieval of Information 
are fadlttated by oiiganlzatlon of learrilrig material (Glyxm & Dl Vesta. 1977). 

2. Requiring students to actlveiy 'organize tbe teaming mateil »L Teaching students how 
to origanize the learning matolal trains them to pay close attention to the relationships 
among corx^epts and to the meaning of pn)iX)Sltional networks. Hie construction of a 
concept map (Novak & Gowin. 1.984) Is not only a n»ans to assess students' existing 
knowledge but also is a strategy to train students how to actively organize smd integrate the 
learning material (Novak. 1985). Geva (1983) found that requiring students to pay close 
attention to the hierarchical coherent aspects of text and to construct text flowcharts 
sJgniikantly facilitated c(»nprehension for less skillful readers. 

Spatial learning ^rategies, such as netwcn-king. mrippli^, schemjitt^ng, and concept 
structuring. (HoUqt & Dansereau, 1984) require learners to organic and structure the 
learning materials In some systematic ways. Hence these teaming strategies should 
Improve learning and liacilitate formation and development of adequate and meaningful 
kru)wl«^e structures. 

3. Activating teamezs' cognitive structures and Unking the instructional material to 
leameis' retevant knoiiiaSge structure. According to Ausubel (1977). "the principal 
fuiK:tion of advance organizers Is to bridge the gap t^tween what the learner already knows 
and what he needs to know before he can successfully leam the task hi hand" (p. IC^). 
Mayer's a^lmllatlon erKi^Ung theory (1979) tries to explain the functitm advance 
organizers in terms of activation of anchoring knowledge in long-term memory. The 
interaction and Integration with the Incoming l^ormation results in meanlr^ul learning. 
T^chlng by analc^es. models, metaphors, aiul e:c?mples are also ways to brli<g the 
receiving information in line with existing knowledge to generate meaningful learning. 

b. Learning and Transfer of Learning 

Rumelhart and Norman ( 1 978) consider learning to be of three dilTerent forms: (a) accretion, 
(b) tuning, and (c) restructuring. These learnings all involve the enOKllng, organizing, and 



30 



Vetxhtng and Learning in. the College Classroom: A Revtew of the Research Literature 



23 



restructuring of information In terms of existing cognitive structure to create a new cognit/*'^ 
structuxe. The result of this learning Is continuous development and creation of new 
cognitive structure. 

Ausul^l (1968) has clearty statnl the Importance of cc^tive structure in learning and 
transfer: 

In meaningful kamlng, therefoi«, cqgnlttve structure Is always a relevant and crucial varlabte. 
even If it Is not deliberately influenced or manipulated so as to ascertain its effect on new 
teaming, (p. 128) 

ITius a transfer situatton exists ix^enever existing o^nltlve structure Influences new ct^nitive 
functioning irrespective of whether it is In re^rd to reception teaming or pitjblem solving. 



Koyer (1979) using a schema theoiy. considers that 'the transfer of teaming Invohres the 
activation of a previously acquired sdiema when one oicounteis a mw learning situation" (p. 
65). 

Rpyer and his associate found that acquired prior knowledge influences the storage 
location of prose materials (Royer, Perkins. & Konold. 1978) .-md the facUitattve transfer in 
pn^ tearning (Royer & Cable. 1976). They also showed that prose materials relating to 
ex^lng knowle<^e structtires were less prone to retnoactive inhibition (Rover. ScQasw, & 
Kroirf. 1977). 

Several authors in the book Cognitive Structure and Conceptual Change (West & Pines, 
198S) have advocated dilTerent ways oi £acllltatlng conceptual change and teaming. 
Champagne. Gunstone. and Klopfer (1985) u^ coninmtatlon strata to produce concep- 
tual change. Strike and Posner { 1985) emphasize the relevance of the learners' curwt con- 
ceptions in generating new knowledge. In their view, learning is a pxxx:ess (^transforming 
conceptions. AU leamli^ and teaching result in development and change of cognitive 
structure. Pines (1985) coRiddeis the study of developmait and the function of cognitive 
structure to be a psychol(^al as well as an epistemolc^cal problem. These authors' 
approaches would undoubtedly add some additional dimensions and p<»e probtems for the 
investigation of knowledge structure and its development. But at the same time, it would 
also broaden the investigators' horizons to enable them to study and analyze cognitive 
structure In a more subtte and insightful way. 

B. Learning Strcrtegles 

The previous section stressed the role of prior knowledge in learning. Although the content 
and structure of knowledge are tmiK)Ttant. they may not be sufRcient fci all learning or 
problem soh^ (Pintrich et al. 1986). Educators at all levels have been increasingly 
concerned about generalizable cognitive skills such as thc^ for learning, problem solving, 
and critical thinking. The next two sections focus on these generalizable cogniUve skills. 

1. Definition and Deacxiptioa of Learning St»tegiefl 

As Welnstein and Mayer (1986) point out. recent research on teaching and learning has 
farused on the active rote of the learner in student achievement. Obviously, the subject 
matter content a student knows when taking on a new task will influence her performance, 
Accor'Jngly. th»}ries about prior knowledge and knowledge structure are important 
c(»nponents of a theoiy of learning. Many of these knowledge-ditven models, however, do 
not addr^ how the student originally acquired that knowledge. Research on learning 
strategies deals with how students acquire and mcxllfy their knowledge and skills and 
skills{Weinsteln & Mayer, 1986). 

Weln^eln & Mayer ( 1986} have proposed four main components of information processing, 
all of which can be influenced the use of learning strategies. The four cmnponents are: 
(1) selection. (2) acquisition. (3) construction, and (4) Int^ration. The seiecfton component 
coiKems the control of attention to certain stimuli or infonnatlon in the environment and 
transfer of that information to working memory. Como and Mandlnach (1983) label this 
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phase "alertne^aiid selectivity. " The acquisitianphnsc involves the transferor Infomiatlon 
from wcnking memosy to loag-torm memoxy for permanent storage. In the coT^truction 
phase the student ac'Jvely builds conx^ticns between ^eas In working memoiy. Mayer 
(1982. 1984) and Etransford (1979) refer to this process c£ construction as schema 
devek>imi ent, which results in the new inf onnation behig held tc^ether by a coherent outline 
OTOiganizatton(V/einstein& Mayer. 1986). The fntegrotim phase invcdvesconnectiT^ prior 
kzvswledge with incoming information (cf. Como & Mandlnach's 'connection' component). 
In our own discussion of tht, dlfTerent typ^ d learning strategies we wUl refer to these 
difierent phases of formation proc^slng as attmtUxi, encoding. crganizatUm, and 
retrietxiL 

There are max^ dlfTerent definitions of learning strategic. Weinsteln and Mayer (1986) 
defiae learning strategies as thou^ts and behaviors that a tearzwi engages in during 
leamii:^ and that are Intended to influeiKe the eiKrcKllng proce^. This includes basic 
memoxy process as well as gex^xal problem solving. This is a veiy broad definition of 
learning strategies and enc(Hnpass» alnu>^ aU cc^ttve processes. In contrast. Tobias 
( 1982) has distinguished between macrolevd learning strategies, such as reviewing, note 
taking azKl ccxnpxehenslon xnonitorix]g. that complem^ the n»>re mlcrolevel basic 
cognitive proce^es, such as attention ^id encoding. These macroproc^ses concern the 
students' processing of instriKitkmal input, wheth^thls Input is frcnn a teacher, a textbook, 
or another medium. The focus on macroprocesses is more molar than molecular, and 
paraltels Sterxit^rg's ( 1985) distillation between xTOtacomjKments aiKl a>gnttive processes. 
As Tobias (1982) sees it, these macroprocesses are at the nexus ci research on the 
psychoI(^ dleaxning performed by ojgmtlve i^chd(^lsts aiKl research on the psychology 
instruction performed by ^ucatlox^ psychiido^sts. In this paper and in our research 
pn^ram, we will coixrentrate on the macrolewl a>gnitive ^rategtes rather than on the basic 
mlc^evel processes. 

The choice oi this focus Is made on theoretk:al. methodological, and practical grounds. 
First, a ntmiber of r^archers (e.g. . Paris et al. . 1983) have limited the definition of learning 
strategies to costive processes that are intentional and under the control of the learner. 
Some of the more bask: memory processes and mlcrolevel proces^s o( intelligence (see 
Stembeig. 1985) are not really imder the control of the student: they are part of every 
individual's basic Informatlon-proc^slng equipment and are elicited automatically hy 
various taste. 

Second, the basic cc^nitive mk:roproc^s('s are difficult to measure unless the researcher 
us(» an experimental design with h^ly speclfled experimental tasks and collects reaction 
tlxiKS. ThlslsneitherpractlcalnorecologicallyvalldinourrKearch program. Ourresearch 
will be field-based arid we will often rely on students' self-reports. Although ♦^.ere are 
problems with self-report data (e.g.. Nlsbett & Wilson, 1977). it can be used If treated asjust 
one source of data on the phex^mena of interest (Ertcsson & Simon, 1984). Accordingly, 
we win use other performance measures to triangulate on the cognitive macroproces^s of 
Inters. In using self-report meisures rather than experimental tasks there is a trade-off 
between decreased construct validity (C(X}k & Campbell, 1979) and increased external 
validity. 

Our foais on global or macrolevel learning strategic Includes both students' use of them 
as well as their knoi^led^ alx}ut them. Paris et al. (1983) have discussed three types of 
knowlet^e about learning stiategies that are important to informed use: declarative, 
procedural, and cox:dltlonal knowledge. Declarative knowle<^e is defined as proposittonal 
kxiowledge at^mt task characteristics, stotegles. axid persoxial abilities (cf Anderson. 
19^: Brown et aL 198^; FlaveB. 1979). I^darattve krum^ed^ concxina the content or 
what atout tasks, strategies, and the self. For example, students can know that revtewlng 
notes tefore an exam is a gocxi strategy. They also may know something about themselves 
in terms of their skill in reviewing notes. However, this declarative knowledge is not enough 
for go<^ iMTformax»:e. Pnxedwtd knouAed^ invoh^ students kxiowing how to ex«:ute 
various c(%nitive strategies. That is, it is not enough for students to know about the 
strat^ies. they must know how to use them pmperly and efllclently. 
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The final type of knowledge, amditicnal knou^edge, is a term coined by Paris et al. (1983) 
to descrllM the knowtedge al^mt whm and to use strategies. It is not enough Just to 
know atxnit various ^rategles and how to use than, but students must be able to use them 
in a flexible and strat^ic manner. For example, students mi^t know about the ef[lcacy 
o£ skimming a chapter In a reading assignment (d«:]aniti^ biowl^ige) and even how to 
skbn (procedural knowl«]ge) , but nc^ know when skimming is best used or why it might be 
used m different situations depending on the ^dents' goals (conditional knowledge). 
Given these three types of knowledge about strategies and their dlfierentlal implications for 
perf(ffmai»%. it is important to assess students' level of knowledge in all three areas. 

Hiere are max^ learning strategic and different tazoxu^es for classifying them (e.g., 
Dansereau. 1985: Presstey. 1986: Welnsteln & Mayer. 1986). We have adopted a rather 
general franxwoik that groups strat^les mto three broad cat^orles: cognUtve, metcuxyg- 
ntOve, and resmiroe marw^ement (i^e Tabte 2). the cognitive cat^oxy includes strat^ies 
related to the studex^' learning or enrodlng of maten^ as weU as strat^es to facflltate 
retrieval of mfbnnatlon. The nieta«>gnltive strategic Invt^ strategic related to planning, 
r^ulatlng. monitoring, and mtxU^^ng c(^ntttve procrases. Hie resource management 
^rateglra corcem the indents' ^rategles to omtrol the rraources (I.e. , time, effort, outside 
suppOTt) that Influence the quality ar^ quantity of their invdmnent In the t^k. 

a Cognitive Strategies 

Hie basic o^nltlve learning strategies are outlined by Welnsteln & Mayer (1986) as 
rehearsal. elalK)xatlon. and organizational strat^tes. Each ofthe^thr^ types (^strategies 
also has a bask: and compkx versioi. (tepexullng on the ccHnplexlty of the task. Basic 
rehearsal strat^tes Involve reciting or naming items fnnn a list to be learnt. This strategy 
Is related to the attention and enc^lng components as the learner brings infonnatlon into 
woridng memory (Welnsteln & Mayer. 1983. Basic rehearsal strategies are best used for 
simple ta^ and £K:tlvation of information In \x^klng memoiy rather than acquisition 
new Information In tong-term xnennny. Rehearsal strptegles for complex taslra such as 
learning material ihnn a text li»dude strat^es most college students use in their day-to- 
day studying. For example, saying the material aloud as one reads (shadowing}, copying 
the material over into a notebook, taking notes as one reads, and underlining or highlighting 
sections of the text. 

As Welnsteln and Mayer (1966) point out, the^ strategies are assumed to influence the 
attentton and encodlr^ processes, but they do not appear to help students construct 
internal coxmectlons among the information or integrate the information with prior 
knowledge. For example, Mayer and Cook (1980) found that students who were asked to 
shadow a text passage remex^b«^ more o£ the details and f^ts abmit the passage than 
a contro! group who did not repeat the words to themselves. However, the c(»itml group 
remembered more of the conceptual information and performed better on a creative 
problem-solving task that required use of the text materlaL Welnsteln and Mayer (1986) 
conclade that rehearsal strategic i^d to be supplemented with other learning strategies 
that help the ^u(tent organic and integrate the information in long-term memoiy, not Just 
bring It into working menKny. 

£latM>rati(ni strategics help students store information Into long-term memory by building 
lntemalconnectlonsbetweenltax»tobeleame<^(Weinsteln& Mayer, 1986). Basic learning 
tasks that can be peifonned more efOdenUy ./ith elaboration strategies include learning 
foreign language vocabulary (palred-assoclate learning) and free recall list learning like 
learning to name all the parts of the brain (Welnsteln and Majrer, 1986). Research has 
shown that the mnemonic keyword method (Presley, Levin, & Delany. 1982) Is one of the 
best techniques for learning vocabulary. 

The keyword method essentially Involves the building of two types of links between the 
foreign word and its English counterpart. First, a ^m-bal acoustic link Is formed between 
the words by choosing an English word that sounds similar to the foreign word. Second, 
this new word (the k^rword) that sounds Uke the foreign word Is paired with the English 
definition of the forel^ word In a mental Image that helps the reader ^ ^member the links 
between all three words. There has been a great deal cf research on the keyword method 
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TABLE 2 

A Taxommy of LMming Smilogtoa 



I (^gnMwSlra^lM Basic 

A, R^irarsai Strategies 

B. Elaboratmi Slra^ies 



C. Organizatonal Straiegies 

n. IIMMognidw Strategies 

A. P'anntng Straldg^s 

B. Monitormg Statsgies 

C. Regulating Simmgies 

ill. ResouTM Managmimt Stategiee 

A. l^ne hfemagmtent 

B. Study Em^fDnmant Man^^rant 

C. Effort Management 



Tasks (e.g., memory fer Ssts) 
Redt^g fist 



Key^^rfc method 
Imagery 
Method of loci 



Ctusl^i>g 
Mnemon^ 



D. Support of Others 



Conyy^x Tasks (e.g., test l&smng) 

Shactonving 
Copy naleftel 
V^telim nole t^g 
Umtertnktgtext 

PiuBpfrasff^ 
Sunvnarixing 
Creating analo^es 
Gmerrt ve nole takmg 
Questm wisw^Mng 

Setoctm^ maki klea 
Outiffiing 

^^fanvning 



AO Tasks 



Setting goals 

Gener^ing (^lestii^s 

Sei^^t^r^ 
Attenticm-focus 
Tes^tedg^^ strategy 

Ac^ sting fi^ng rate 

Re-fBi^ng 

Rev^ewr^ 

Tesi-taKfng strateg^s 



Scheduir^ 
Qoalsettmg 

ttofined area 
CHAmwa 
Orgwized arM 

At&^utiortt ID effort 

Mood 

Se9-ttf( 

Persislence 

Seif-reii^oi^enwit 

Se9k^ he^ from lea^r 
Seeksig he^ from peers 
Peer/j^tn^ >e«T^ 
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(see review by Pressley et al., 1982} that suggests students are not very adept at building 
their own keyword links. If instructors are going to use the keyword method, better per- 
fonnance usually results If the links are prmrided by the teacher or the textbcKsk. 

Other elaboration strategies for basic tasks Include simple imageiy. which is useful for 
learning lists. This strategy involves the creation of an image that helps the learner 
remember the list. The "meth(xl of loci' is one esounple of this strat^. The method cflcMU 
Involves the use of the imagw of the learner's house and its layout (e.g.. hallway, living room, 
dining room, etc.). To leam a list of words in order (serial li^ leaxrilng), the learner pairs 
the flx^ word with an object in the first room <^the house axul constructs an image of that 
word in the object in the first rrom. The second word and image of it ^ paired with a second 
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object In the itxsm or in the next rocnn. When the learner wants to remember the list, he 
or ^e Imagine walkli^ through the house and recalling each image on entering a room. 
Of course, this method works when the list to be rememt^red is made up of concrete 
words (Le. , a shopping 1^. Hie ta^ is more difficult when the list includes abstract words 
or anKepts that do not leadUy lend thonsehres to images. 

Weln^eln and Mayer ( 1986) clissJfy complex tasks as learning frcHn text prose learning. 
Elaboration strategies that assl^ the learner on these tasks Include paraphrasing, 
summarizing, creating analogies, generative note taking, e}q>]alnlng, and qu^tlon asking 
and answering (Welnsteln & M^er, im) . Hiese strate^es help the learner int^rate and 
connect the new Information with prior knowl«]ge. For example, by paraphrasing what 
they are reading, lean^rs »:tive]y connect the new text information with prior knowledge 
and organizatKmal fraowwork for that »il^ect matter area. In the same fashion, generatl\^ 
note t^dng where students do not take notes verbatim but txy to write notes In their own 
words arul connect than to prior knowledge should result in better storage and retrieval c£ 
the information. 

The third type (^general o)gnlttve strata Is organb^atlonaL An oiiganizatlonal strategy 
helps the learner select appropriate information and also construct comiectlons among the 
information to be learned. For l^isic n^nory tasks, the most cocnmon (organizational 
strategy is clustering (Welnsteln & Ma^, 1986). Clu^erlng Involves the grouping of the 
words to be learned into taxonomic categories that reflect some shared characteristics or 
attributes. This grouping process results In the learner being actively Involved in the ta^ 
and shoukl result in better performance (Welnsteln & Mayer, 1986). 

The more intere^ing and uselul organizational strategies for collie ^udents involve the 
complex task (Gleaming from texts. Wein^ein ar^ Mayer (1986) have ^entlfied selectli^; 
the mala idea as an tmp(»tant o^nttlve gral. There have l^n a variety <^ techniques 
developed to help learners identify the main ideas in a text. Welnsteln and Mayer (1986) 
simmmrlze several of th^ technique One technique, netwcn^lng, heli» students identify 
the conn^cms among the ideas in a parage by having than class^ the types (blinks 
among the kleas (see Dansereau et aL, 1978: Dansereau, et aL, 1979: Holley et aL, 1979: 
formore details). Another type ofoutlinlng procedure was develoj^ by Meyer (1975, 1981) 
it trains students to recc^nlze five types cf i^ructures found in expo^tory texts. A third type 
of outlining procedure (Cook, 1982) helps students identify prose structures. All these 
techniques help the students select the main ideas from a text by analysis of the text struc- 
ture. It is assimied that through this anafysls, students win come to understand the 
material better and be able to Integrate it with prior knowledge. 

b. MetacognitUx Strategies 

The term metac<^nitlon is a popular term used a variety of researchers in cognitive, 
educational, and instructional p'^ychology. As Brown et al. ( 1983) point out, the term has 
a number of def)nttk)ns, making it a "fuzzy* concept. It is mo^ dften used to refer to two 
aspects of cognitive Ufe: (1) the awareness of and knowledge about c<^tlon and (2) the 
control and r^ulatkm of cc^nltion (Brown etal., 1983: Flavell, 1979). The awareness aspect 
of metacognitl^n refers to Uie learners' knowledge of person, task, and strategy variables 
that influence performance. According to Flavell (1979). awareness of person variables 
refers to knowledge about the self in terms c^cognltive performance (e.g. , know^ that you 
are a fast reader, a poor writer, etc.). This aspect of metact^nltion is dosefy related to 
nv>ttvatlonal constructs such as percelvol comi^tence and self-concept. Ta^-varlable 
knowledge Includes information about the diflkulty of various tasks and the dUTerent 
demands of academk: tasks. Strategy-variable knowledge concerns the learner's knowledge 
about diilerent strategies and how to use them (t e. , declarative and proceduml knowledge: 
cf. Flavell, 1979: Paris et al., 1983). Although this knowledge about person, task, and 
strata variables is Important, metacognltive learning strat^les Involve the control and 
regulation aspect of metacognltlon more than the knowledge aspect. Accordlngfy. in this 
section we concentrate on the control and regulation aspect of metacognltlon as it relates 
to learning strategies. 
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Brown et aL ( ld83) note that there are thre? general processes that make up metacognitlve 
actttrUi^: planning, numttoring, aiKl self-r^Uatton. Thtsc activities are ck»ety related to 
metao^nltlve knowledge, although they can be distinguished theoretically. In addition, the 
distinction between what is cognttive and what Is metacognithre is often dif&cult to make. 
We u% this distinction, however, b^rause of its th«)retk:al and heuristic value (Brown et 
al., 1^3). Therefore, in our d^criptlon oCthe various nKtacognitlve strategic, there may 
be some aspects that other rraeaxchers would classify as cognitive, not metac(^nltlve, 
activities. 

Planning actlvtttes include setting goals for studying, skinmiilng, generating questions 
before reading the text, and doing a task analysis of the problem. All the^ activities help 
the learner p^ the use of strategies and the processing of infonnation. In addition, they 
help to activate, or to prttiK. rdevant aspects 6i ]»1or la:^«d«]ge that make organizing and 
comprehending the material easier. &vwn et aL (1^3) summarize various planning 
modeb that have bem suggested by o^nltlve psychdcgists. Much of the re^arch on 
planning, arul metao^nltlon in gmeral. sugg^ts that good learners engage in more 
planning and more metacognitlve activities than poor learners (cf., Pre^ey. 1986). 

Monitoring activities are an es^ntiala^Mct of metacognitkm. Weinstein and Mayer (1986) 
see aUmetacogxUtlve activities as partfy comprehension monit<»1ng. We take a broad view 
(^monitoring to include self-inonitorliig during ai^ojgnltlve activity. McmltoUng activities 
include trailing of attention as one reads, self-t^Ung white readix^ a text to insure 
comprehensUm of the material, use (^certain kinds d'test-takmg strategies (Le. . monitoring 
spec^ and aciyusting to tinK available), and monitortng comprehension of a l«!ture. These 
various monitcffing activities assi^ the learner in understaiKling the material and integrat- 
ing it with prKo- kinywled^. 

Self-regulation actMttes are relate to monlt<»lng activities. Fen* example, as learners 
monitor the compreheasion ai a text, th^ can regukte their reading speed to adjust for the 
dlfllculty (tf the material. This continuous adjustment and flx^timixig of cognition is an 
important compoxKntcfmetacognltiond^ownetal.. 1983). Other forms of self-r^ulatlon 
behavior include re-reading portions of a text to lxx:rease c<nnprehenslon, reviewing 
material, and using te^-taking strategic (i.e. . skipping questions and caning back to them 
later In the exam). These ^If-regulating activities are assumed to improve pofonnance by 
assisting Iramers In checking and correcting their behavior as they proceed on a task. 

c. Res<Kirce Manc^emeni Strategies 

Resource managonent ^rategies include a variety of strategies that assist students in 
managing the environment and the resources available. These resources include the time 
availabte for studying, the iK:tual study environmCTt. others such as tethers and i^ers. 
as wen as teamers thenselves (in terms d'elToit, mcx)d, axkd persistence). These strategies 
could be seen as both C(^nittve and metac<^nitive in natxire, but they are different enough 
to tvarrant a separate category. These strategies help studoits adapt to the environment 
as well as charge the enviroimient to fit their needs (cf., Sternberg, 1985). 

Ttme managen»nt is a classic area included in most traditional study programs (e.g. . Deese 
& Deese, 1979; Johns(»i, Sprlngar, & Stemglanz. 1^2). Thomas and Rohwer ( 1986) note 
that time management is an important self-management activity in studying. There are 
different levels of tln» management varying bam montiOy and weekly scheduimg to 
mana^Lng an evening studying, (^'course, this kind ofschedtilitig Involves planning and 
regulation activities that are n^tacognltlve in nature. It is probably useful for students to 
have a weekly schedule for studying that heli» organic their time, but this schedule also 
needs to be ftexible enough to aUow for adaptations in light of course donands (e.g.. mid- 
terms, flnate). At a more mlcrolevel. students also need to manage time while actually 
stuping. For example, if a student has set aside three hours one evening for studying, he 
or she must be abte to schedute the use of those three hours ef&ciently. This involves setting 
realistic goals. 

Another resource that must be mariaged by the student is the study environment. As Deese 
and Deese (1979) point out, students' study environments are an important aspect of their 
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studying. Itispn)bably tisefiil for students to have a deHned area for studying. Hilsarea 
can be in a variety <^ setting (e.g., Ubraiy, study hall In dormltoiy. individual dorm room, 
or kitchen table). Hie nature the setting is not as important as the fact that the student 
lect^ni^ that this iKOtteular location is set aside for studying. It ^ould be relatively free 
of distractions, both visual and auditory. Accordingly, it should be organized and quiet, it 
Is probably not pc^sJble to have quality engagonent in studying when there are many 
distractions (e.g.. other students talking, knid music or television on. children in the romi, 
etc.). The student needs to organize the study environment In such a way as to Increase 
attention. 

Am^er aspe^ of the environment that the ^dent must learn to manage is the support 
ofcHhers. The student needs to know when and how to seek axKl obtain help. The source 
of this help can be teacher or peers. This aspect of resource management is related to 
Stembeig's (1985) notion of practkral InteHlgtnce in that good students know when they 
doaX know something axKl are able to identify someone to provide smne assistance. There 
is a large body of research that shows that peer help oar p^ tutoring <»n £aM:illtate student 
achievement (e.g., Webb. 1982). In addition, the work on reciprocal teaching (e.g.. 
Pahnscar. 1986; Pallnscar & Brown. 1984) demonstrates the power of individual teacher 
help. However, many students do not seek help appropriately or at all Many college 
In^ructors can probabfy testify to the lack of student attendance at review ses8k>ns even 
after the session was set-up at students' requrats. 

A study by Ames and Lau ( 1982) found that students' actual use of a review session was 
related to their attributkmal pattern and jasL pofozmaxs^e. Students who did i^xirly on 
eaziter exams, but attributed th^ poor i^onnai»:e to low dr<^ and a 1^ of course 
specific knovdedge rather than a gex^ral ablltfy iteflcit were much more llkefy to seek help 
than students who attributed their poor pexformancc to lack of interest, the dlfiOculty of the 
exEmi, or the instructor. This study danonslratra that motivational pattens are relatnl to 
studoits help-seeking behavtor and need to br. considered in examining students' general 
learning strat^cs. More research is needed on how students with dl^rent motivational 
patterns seek and vise help frtm both teach « rs and i^crs. 

The last resource managen^nt strate®^ directfy related to students' motivational 
patterns. This ^rategy coxKems students' general sell'-managonent in terms of eHort. 
mood, self-talk, and self-reinforcement. Dansereau (1985) has discussed this aspect of 
learning strategies in terms of support strategies that help tlie student develop and 
maintain a good internal state. For Dansereau ( 1 985). one of ihe most important strategies 
Is mood-setting or mood mafntenaiKX. This is the M in Dansereau's "MURDER" scheme 
for learning strategic Weinstein and Mayer ( 1 9^} term strat^^ for managing effort and 
mood, affective learning strategies. Effort management may be one of the most important 
l^uning strategies. Agood ^udoit knows m^oi to increase efforts and persist on the task 
as well as when maxtmnl effort is not required for success. Como and Rohrkemper ( 1986) 
discuss the ImiKyrtaiKe of students' regtilating their cognitive learning strategies In 
combination with their effort management. Students who are able to r^ulate both cogni- 
tive and motivational aspects of their behavior are termed self-reguIatlng learners (Como 
& Rohrkemper. 1985). 

Another aspect of effort numagement concerns the students' attributions for success and 
failure (discussed in more detail in the motivation section of this papeil. Attributing failure 
to lack of effort sugge^ that success may come by tiylng h arder. This attribution leads to 
a higher expectancy for success and should help the student maintain c<Hnmltment to the 
ta^ Other internal percei^ns of the student are irr.portant to involvement besides 
attrffnitkms. Metehanbaum and Asaranow( 1978) have si i wn that positive self-talk or self- 
coaching (similar to general cognitive therapy techniques) can help students succeed at 
dlffknilt tasks. 

Students need to have instruction. Including modeling, in how use these k 'f-coachlng 
techniques. (Dansereau. 1985). Positive self-talk can help audtnts halt the ^tlng 'self- 
perturbing ideations" that Bandura (1982) has focused on 'n hia work or f efficacy. 
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Another asp^ this self-management category that is related to the cognitive-t^avlor 
mtxllficiitlQn model is self-relnfoxcement. If students are able to :%t-up simple plans to 
reward themselves for acctsnpUshtng their goals, this can help them maintain their 
involvement in the task. For example, a student may decide that cvrry hour spent studying 
merits a 'Reward" of a five-minute break. This Idnd of self-management can help the student 
maintain attention and inv(dven»nt. which rraults ta better performance. 

2. Teaching Learning Strategics 

The preceding description of the different types cf learning strategies documents the wide 
variety (tf strategies availabte to students. Althotagh sonw ^uctents s^m to be able to 
acquire and use these stratt^les tm their own. mc^ ^dents do noi acquire them or at least 
do not use the strategies in the nK»t effective manna-. Accordinglty. there is a reed to teach 
students how to use learning strate^es. Tliis m^iy sound easy to do. but there are a number 
of problems associated with teaching learning ^rat^i^ There are issues related to 
training and also to the transfer and generalizabillty of the ^rat^es. 

Much r^sarch shovi s that teaming strat^ies can taught (e.g. , Chlpman. S^al & Glaser 
1985: Segal. Ch^nnan & Glaser. 1985: Weinsteln & Mayer. 1986). There are. however, 
dlsa^neements about what stratc^es shoukl be taught a^ how to teach these strat^ies. 
Levin (1986) has suggested that there are four important principle to follow in learning 
strategy in^ruction. Hieyaie: 

1 . The instiuctra: should teach different teaming strategies for different tasks. As Levin 
notes, this is Just a re^tement of the old cUche, "Different tools for different Jc^s." 
However, It is an tmpcvtant principle to ronember in training teaming strateglea 
There Is no one best learning strategy. Strategies have to be adapted to the task 
donands as well as the leameis* knowledge (Levin's third prlncipte). 

2. Strategies should have identifiable components. Here Levin (1986) suggests that 
strategies should be able to be dw^ranposed into multiple comfKments related to 
particular Information processing variables and operations. This multiple component 
approach has several advantag«k Students can leam the c<xnpoiKnts and then adapt 
and combine them in different wa^s depezKling cm the task. ^cond. research on 
multiple ccnnponent strategies inrograms will hdp us avoid the s<nnewhat simplistic 
evaluatlonsofstrategypn^ramsthatiesultina''w(H'ks/dc^notwork* outcome. We 
need to know how and why dlfferezrt strat^es woik In different cmtexts. not Just 
whether satnc global pn^;ram works. 

3. Learning strategtes must be considered in relation to students' knowtedge and skills. 
This third prtxK:lpte Levin's is simply that there must be a Inatch' between the 
student axKl the strat^. Students must have the prerequisite sJdlls to master certain 
strategy. Levin (1986) notes that proc^sli^ capacity differences l^twern children 
a£ different ages and adults may result in acme ^rategles being useful for older 
children and adults but not for younger children. In our own work (e.g.. McKeachle 
Ptntrich. and Lin. 1985a. 1985b). we have foimd that the effkacy of a general learning 
strata course for coltege students was related to the students' basic skill and 
aptitude levels. Students who had veiy poor reading skills and low general aptitude 
levels did z^t t^efit fiom the program as much as other ^udents. Some minimum 
level of competency seemed to be required to be able to use the strategies effectively. 
For CKsmple, if students cannot decc^e words, then it is uselei^ to teach them 
sophisticated reading comprehmslon strat^es. 

4. Learning stratesies that are a^umed to be effective must be emplrtealfy^ validated. 
This princ^}te of Levin is similar to comments made by Sternberg ( 1 983) . There must 
be empirical data an the effectiveness of vartous strategies and general strategy 
programs ff we are to leam more about how to teach teaming strategic. This includes 
evaluating techniques that are very effective in laboratory settings but may not be 
effective when moved into the ecoU^ally vaM setting of the classroom. As many 
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reseaxx:hers and program de^^opers know, the leap between research and practir.e is 

a large one. If empirical data is not collected on the effectiveness of these 

we will not prepress in our understanding of teaming strategies and howto teach them. 

These principles are general issura to consider In learning stiat^ instruction. At a more 
practteal level, there are sevoal o^er principles that shouki be considered. First, a variety 
researchers have noted that direct instruction in strategies is not only useful for students, 
but almost required. (McKeachle, et al, 1985a. 1985b; Pr^sOey, 1986). Students need to 
be taught both ta^ ajMiclfk: strat^l^ as well as gcx^ral costive and metacc^nlttve 
strategies (e.g., Paris et al.. 1983: Pressley. 1986). Another Important aspect of teaching 
strat^les is moddUng the strategies for students and providing guided practtee in the use 
d* strategies (Como & Snow. 1986: Paris et al.. 1983; Pressley, 1986). This suggestion on 
direct instruction of strategy follows the general model <^ direct instruction in any content 
domain (e.g., Rosenshlne & Stevens, 19S6). 

This c<mtent-d<nnaln issue brings us to the issue of transfer and generallzablUty. There is 
a long p.nd continuing controversy on the d<»naln-si»clfklty cf problem-soiving skills 
(Campione&Anntmister, 1985;Glaser. 1984). As Campione and Annbruster( 1985) point 
out the Issue revolves around the training gei^ral a^nithre strat^es ver^s speclfk; 
knowlec^e-based strat^es. Most of the leaming-strat^ training pn^rams wotild be 
pl^xd on the general cognitive strate^ side of this dlcht^omy. 

Hiere is evidence that learning strategies can be taught axvl generalized beyond the original 
ir^tructlonal context. For exampte. course designed to enharu^e stuc^ sldUs have long 
been8uccessful(e.g.,Kullk.Kullk,&Schwalb, 1983). Dansereau (1985) and Weinsteln and 
Underwood (1S85) provide descrlpttons of two successful programs to Improve teaming 
strat^ies. Weinsteln and Ma^ (198Q review the re^arch on leam^g strategtes 
performarure arid the succrasofdlfiierentpn^rams In teachlrig strategies. Learning strategy 
training prcgrams should ^ow tranter noi only of the original strategies taught, but also 
that achievement in other areas is Influenced (cf. Stembei^ 1983). 

One aspect oi the transfer pn^lem in teaching teaming strat^ies is learning with 
awareness (Campione &Armbruster. 1985). Most teamlTig stratus programs attempt to 
make students aware of the various strategies avallabte to them. However, as we have 
noted, there are two aspects of awareness or metacognltlon that need to be considered in 
the teaching of learning strategies: knowledge ^bout cf^nltlon and regulation of cognition. 
(Brown etal.. 1983). 

Moi^ learning strata training programs teach both these aspects oi metacognltlon. 
Knowledge about cognition include knowledge about the person, task, and strategy 
variables that influence performaxM^e (Flavell. 1979). Itiese person, task, and strategy 
variables parallel the factors oiihe tetrahedral model: criterial task, materials, learner, and 
activities (Brown et aL . 1983). indents need to know how task characteristics (Le. , recall 
vs. recognition) and the nature of materials (le.. visual vs. linguistic) Influence their 
learning. In the same maxm'^r. knowledge about their own abilities and characteristics (e.g. , 
knowing they are better at reo^nttion tasks such as multiple chotee tests) will help students 
adapt their learning to the ta^ Finally, knowledge about various cognitive strategic or 
activities should improve learning. Most strata training programs focus on the latter 
aspect of the tetrahedral mo(tel (Brown et al. , 1 983) by teaching students about the various 
memory strategies (Le.. rehearsal, imagery, elaboration) and other strategies for attention, 
problem soMng. and comprehen^on. 

Knowledge about ci^nitlon. however, does not necessarily lead to improved cognition. 
Students need to learn how to regulate their cc^nitlon throu^ executive control of their 
resources (e.g., attention, memory, effort, and time). Teaching about self-regulatton of 
cognition is easier than fostering actual rsguIaUon of cogriltion. M(»t teaming strata 
programs teach students atx>ut the tmporiance of plaiming their study activities, regulat- 
li^ their attention, and monitoring their comprehension of readings and tectures. There 
is no guarantee, however, that students wHl internalize these strategies and become self- 
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regulating. The problem of getting students to actually use the strategies and become self- 
r^^ulating In other situations beside the training program is (me all learning strategy 
pn^rams must C(»niront. 

Motivational factors pli^ a role in the transfer of learning strat^es to other situations. 
Pans et aL (1983) have proposed three types of knowledge important for strategic learning: 
declarative, procedural, axul conditional knowledge. They defiz» dedaraiive kncm^ec^ as 
proposltlonal knowledge of ta;^ characteristics and personal abilities (cf. Brown et al.. 
1983; Flavell, 1979). Procedural knmiiiedge is defined as knowing about how to execute 
various cognttlve processes and ^dSs (Le., how to use elaboration, how to s^m). The new 
term, ccndtttonalknc^vletlge, introduced by Paris et aL (1983), is defined as knowing when 
andwhytouse^rategles. PailsetaL azguethatltisnotenoughjusttoknowhowtouse 
strat^tes. but that students must be motivated to use them in a flexible and strat(^ 
manner. If they have the conditional knowledge of wly a i^rtlcular strategy works, they 
will be more Ilkiely to use it m an approprtate situation. 

The transfer issue is nc^ an ^sy one to res<^. Stiategy training pn^rams can attempt 
to increase transfer by directly teaching s .udents how to apply the strategies to different 
ta^. Inadditkm,ltteimiK}rtanttocomt^^C(^)althre, metao^nltlve. resour^ 
ment. and m<Aivatkmal strat^lra in a program in such a way that the student can use them 
to become a self-rcgulating learner. In the end ana^rsis. it is individual students' 
responsioUlty to Income active learners and take control their own learning. 

Various pn^rams and models have been used to tei^rh leamii^ strat^^ Glaser. et al. 
(1985) and S^l. Chipman. and Glaser (1985) describe a variety of pn^rams to teach 
thlnklx^ and teaming skills. Chance (1986) and Nlckersonetal. (1985) also simmiarlze a 
variety of pn^rams. These one pn^ran^ can range firom general tralnli:^ programs (e.g., 
Stexnbexg. 1^6) to rather spedfk teaming strategy programs (e.g.. training in the keyword 
method (Pressley, Levin, & Delancy, 1982). In between are several programs to teach 
generalleamlngstFate^andstu<^ski]ls(e.g..Dansereau. 1985:McKeachieetal., 1985a. 
1985b; Ptntrlcb ^ aL. m press; Welnsteln & Underwood. 1985). These programs are too 
diverse and varied to describe here, but they all focus on teaching college students (or high 
school studmt^ general teaming ^rategies to improve their school performance. 

3. AMesament I.winiing Stiategies 

The issue (^assessti^ students' learning strategies Is an Important one for our research as 
well as an issue fn evaluating all strategy instruction programs (cf. . Levin. 1986: Sterabeig. 
1983). Weinstein and Undowood (1985) provide a good review of cuntmtiy available 
instrun^nts and probtems that ne»i to be consldoed in the measurement of learning 
strategtes. The ni^asurement of teaming strategies is not a new problem. Carter (1958). 
Drown and Holtnnan (1967). Brown (1964). Chrlstensen (1968) and Goldman and Warren 
(1973) all (tevetoped different study skills inventories or in^ruments. However, as 
Weinstein and Underwood (1985) point out, there are problems with these instruments. 

First, there is noundeiiylng theoretical orconceptual&ameworkforthe instruments. Items 
are included ctmceming traditional areas of study skills such as note taking, time 
manageo^nt. work habits, and attitudes, but there are few items on how students actually 
leamorprocessmaterlaKWeli^eln&Underwood. 1^5). To cope with this dlfllculty.Wcln- 
stem axul her colleagues at the University of Texas have develops an instrument to 
measure how students actually process their course materiaL Items are Included on how 
students team new materiaL their use c^elaboration aiul oiganlzatUmal memoiy strategies, 
their use of C0IX^>rehen8i(m monitoring and c^ei nutacc^nltlvc activities and their 
resomce management skills. As Weinstem and Underwood (1985) report, initial results 
with the instrument, the Learning Activities and Stu^ Skills Inventozy (LAS5I). are 
promising. The instrun^it can Ix used by researchers to collect data on the effi^^tlveness 
of their programs, and tescltcrs and students can use it for diagnostic purposes. The LASSI 
framework is in line with our process-oriented approach to learning strategies and we have 
used it successfully in our own research (e.g.. McKeachle et al.. 1985). We plan to use a 
similar instrument in our research for NCRIPTAL. 
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C. Thinking and Problem Solving 

WhUe we treat thlnklxig and problem soMng" as a separate topic, let us make it clear that 
that is a continuum running from what is usualfy termed "learning" to "problem sohrlng" 
and "creativity." We usually say that som«>ne has learned when they^ display the eflects 
oftiaintng(»r experience in a context similar to that in which the learning occurred. Wetalk 
about "trsmsfer of teaming" when the learning is displayed in a situation somewhat difTerent 
fhHn that in which the original learning occurred. If the tranter situation is so dlflerent 
that the use the learning encoimters scane barrier or dllHculty. we speak of "problem 
s<dvlx^." When the situation is greatly different and the dJstaiKe of transfer needed is 
greater still, we speak of "creativity.* But even a simple Iramlng task, such as reading a 
textbm^ assignment, requires thinking. Selecting an approach to maximize one's learning 
Is a i»oblem s(dvli^ activity quite comparable to that involved in designing an experiment 
or sohrlx^ a puz^. 

1. I>eflailtl<m of Coastmct 

Current o^nltive and instructional research stresses the role of prior knowledge In learning 
(Glaser. 1984: Pintrlch. et al. 1986). For example, it is obvious that college students' 
previous knowl«lge In cheml^iy or mathematics win have an lmp(stant influence on their 
performanM In the^ cour^ in coU^e. However, even though content knowlnlge is 
critical, it may not be sufRclent fen- effective problem solving. The problem teaching 
generallzabte ct^nitive ^dSs is particularly chidal for higher ^ucatlon. since for most 
college students, life after ccSlese will not draw so much upon specific content kmwledge 
of chemistry, mathonatics. hiijlozy. psychology, etc.. as upon their abilities to leam dfec- 
ttrefy, solve probtons, rmson. evaluate, and make decisions. 

When faculty members talk about teaching critical thinking, problem solvlz^, <»- reasoning, 
th^ typlrally are referring to teachli^ students to use their learning m new sttuatlons to 
solve problans. reach decisions, or make evaluations with respect to standards of 
ext^Uence. 

The faculty at Alvemo College (Moitkowski & Strait, 1983), who have spent over a decade 
devek)plng a cunlciilum to teach critical thinking, descrit}e their educatlCHial goal of 
achieving cognitive skills and integrative abilities in terms of "oxmplex systems of intellec- 
tual development rather than quantifiable sets of skiUs" (Loacker. Cromwell, Fey, & Ruth- 
erford, 1984, p. D. This drflnltion temporarify bypasses some of the difficult problems of 
analysis and measurement by pointy to holi^c, glol^, qualitative rrothods assessing 
the outcomes of education. Noncthele^, one would like to be scsnewhat more specific about 
the outc(»XKS of a spedfk: course or curriculum. While the sy^ems of intellectual 
development are undoubtedly intertwined in cranplex w^s, we should be able to tease out 
the com po nents of thinking taught in diffonent subject matter dcanatns as well as 
differentlable cognitive skills gexKrallzable across two or more dcmialns. 

Much highly skilled intellectual i^ormance does not require thinking. One may leam to 
apply standard methods of solution so automatically that no thinking is necessary. In 
math cmatlcs or sderure, for example, the student may solve many problems by automati- 
cally ap^^lying a standard algorithm Elshout (1985) describes a "zone of problematidty^ as 
that ares tying between the area where problems are so dlflicult and complex that the 
problem sohm* cannot solve than and the area where the problem ^Iver can autoroaticalty 
appty the correct procedure to arrive at a solution. The zone of problematklty thus is 
different for problem solvers of dllTerix^ degrees of exi^rtness. From this persj^ctlve the 
task of higher education becomes that of increasing the area in which thinking is not 
required as well as to develop strategic and skills for dealing with problems in the zone of 
problematldty. 

Rraearch on problei i:t-soMng and general thinking skills has a long hlstoiy in i^rchology. 
Recent volumes edited by Chipman. Segal, and Glaser (1985) and Segal. Chlpman, and 
Glaser ( 1985) highlight boih the theoretical and practical work being conducted in this area. 
The entire winter 1984 issue Review of Educational Research deals with problems in the 
teaching and learning of reasoning skills. Fredericksen (1984) demonstrates the appllca- 
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blUty of cc^nlthre theories to inj^nicUon in problem soMxig. Glaser (1984) provides an 
exceltent overview of the critical issues Involved in attempting to teach generallzable 
o^nlttve skins. Essentially, the re^arch suggests that there are five critical issues that 
must be addressed in futiire re^arch. They are: ^ 

1. Can general c<^nitlve skills be taught? 

2. How can current knowledge-based structural a^nltlve theories be applied to the 
teaching of general problem-sohnng Willis? 

3. How can instruction best be designed to foster these skills? 

4. How can c<^nitlve skills learned in one domain of knowledge be transferred to another 
domain? 

5. How can we assess the eifectlvenKs of teaching critical thinking? 
2. Teaching Critical ThlnUag 

Support for a positive answer to the first question above- that of the teachability of general 
intellectiial skOls— comes £nom studies d the impact of oiucatltm on inteUlgeEtce. Balke- 
Auren (1982) has shown that general, or "fluid/ intelligence ixKreases with increased 
education. Vexbal. or "czy^alUzed," intelligence is bUso enhanced by education in general 
while spatial/technical ablltty Is particularly mhaiK^ed hy education in such fields as 
engineering and science. Individuals Involved in work demanding verbal functioning 
develop increa^d verbal ablltty. while participation in activities demanding spatial/visual 
functioning rmilts in greater development of this somewhat more specially ability. 

A number of scholars have applied current theories of o^nltlve psychology to programs for 
teaching thinking Four book-length prc^rams have been developed by malor figures in 
cognttlve psychol(^- Hayes (1981), Bransford and Stein (i984), Sternberg (1986), and 
Nickerson, Perkins, and Smith (1985). 

PrdUem Solving tnd Discussion. Studies such as Balke-Aurell's encourage hope about 
the ]»3tential value of education for educational development, but we now need to determine 
what kinds of education are most facUltative. Most of the programs to teach intelligence 
have been targeted at chlldreiL Evidence of their success is less than one would desire but 
stm somewhat encouragiz^. All of these pn^rams involve a component of active discussion 
or dialogue. 

Similarly, at the level of higher educaUon. Smith (1977) observed twelve college classrooms 
in different disciplines and found that student participation, teacher encouragement, and 
studcnt-to-student Interaction were positively related to critical thinking outcomes. This 
fits weB with Ixrth the pre-college research and with the results of other research on college 
teaching methods, which found discussion to be superior to lecture in experiments using 
measures of thlnldng or problem soMng (McKeachle, 1986). 

Supporting the conclusion that discussion is likely to ixu:rease opporttmltles for students 
to practice critical thinking is the finding by Fischer and Grant (1 983) that in small classes 
student responses showed greater use of analysis, synthesis, and evaluation than In large 
classes. 

Problem Solving in Content Courses. Turning to re^arch on teaching problem solving 
in particular courses, we get some additional hints of possible answers to the "how to teach" 
question. The typical teacher- teaching problem solving in a discipline such as mathemat- 
ics- assumes that th 'ay to do it is to have students sohre lots of problems. This is not 
a bad assumption, bui eachers can probably do better by being more explicit about the 
specifk methods and strategic to be us^ and by iK)tlng dlilerences in the approaches 
useful for novtees as compared with those used by experts. Working in thermwlynamics, 
Konst, Wielenga, Elshout, and Jansweijer. (1982) have found that begirmers n^d to go 
throt^ an orientation phase invohdng: (1) bringing order out of cha(»; (2) discovaing 
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uncovered ideas: (3) developing strategies: (4) and avoiding Jumping to conclusions. In 
studies of medical problem solv^ Elsteln, Shulman & Sprafka. ( 1978) found that. In areas 
(£ no prior knowledge, conservative focusing strategies should be preferred: with more 
knowledge, ^multaxKous multiide-hyiK}thesis te^Ung is efficient. Hius problon solvir^ 
InstructKm for beginx^is needs to differ frran that Tor students with more experience. 
Problem repr^ertatton is a key task for all problon solving but particularly so for t^glxuiers 
dealing with ill-defined pn^lems. 

Standard courses in k>gic apparently are iu)tvay successful in teaching practkral Skills in 
reasoning beyond the formal settings of pnAlems in l(^c course In a StuiSy oi 
student development durtng to^ courses, Cheng, Holyoak, Nlsbett, and Oliver (In press} 
found that abstract teaching nMded to be coupl«l wtth examples (k^coxusn^e instances to 
be eir«:tlve. In contrast to tiie difikulty in teaching thtnki^g using formal logfc training, 
instruction using a pragmatic reasoning schema did generalize to reasoning on other 
problems for which the schema was relevant These results support these researchers' 
claim, that neither of the two d<aninant vtews of reasoning is suffldent. One is the vl^ that 
people use syntactic rules of k^ that transcend subj ect matter, the other is that reasoning 
depeixls upon domaln-specifk: knowledge. Cheng et al. propose that people often use 
"pragmatic reasoning schemas"- general rules defined with respect to classes of goals and 
types of relationships. 

In contrast to the lack of generaUzabUity of osurses in U^ic, training In statistics does 
goieralia; to everyday problems invoh'lng infermces about events perceived to be subj^ 
to random variability. Evm brief trd^iing in the law of laige n^mlxrs results in 
generalization, probably because subjects have intulti^ «:heinas api^oxbnatlng the 
statistical abstraction (Fong, Krantz, & Nlsbett, in press: Nlsbett, Kr^ntz, Jepson, & Kunda. 
1983). 

Mettes. Pilot, and Roossink ( 198 1) describe a succes^ul attempt to integrate subject matter 
and inx)blem-sohrlng in a thermodynamics course. Heuristics and problem-sohrbig 
methods were presented with content in a irtep-by-step Trc^ramme of Actions and 
MetluKls." General problem-sohrlng strategtes. such as workli^ backwards, making 
sketches, and taking extensive notes to r^uce the load on woridng memoiy. were tied 
dlroctly to solving jnroblems in the subject matter. 

Guided DMlgn. "Guided Design' is a method of course organization and teaching 
developed by Wales (Walot & Stager. 1977) to teach engir^ering students problem solving 
and decision making. GuMed des^ courses involve texlbx>k and ^nroblem-solvlng 
assignments out of class and snail-group decision making in class. The class time Is spent 
on a sequence of open-ended problem-solving projects (perhaps three to five projects in a 
term). In one of Wales' classes, they were: 

1 . Developing Better Housing in a Rain Forest 

2. Making Univnsity Campus Buildings Accessible 

3. Providing Watts' aini Power to a Motmtaln Cabm 

Each guided design proj^ fnvohres use of subject matter from the text and is guided by 
printed material prepared by the tether. The first printed instruction describes the 
situation and specifies the students' roles (e.g.. Peace Corps workers). Student groups then 
identify the problem and set a goal for their work. After completing this step they are given 
a printed sh^t lowing how other groups have responded. Students are not a^^d to agree 
with other groups but to consider the other vlew^ints. Similar feedback and directions are 
given at each step of the problem-solving process: e.g.. 

1. Situation 

2. Goal 

3. Gathering information 

What information is needed? 
Where can it be obtained? 
Who will get what? 



ERIC 



TVadUr^ and LBomttg intheCoUe^ Classroom: A Review of the Reseanh U^rature 



36 

4. Postilde soluttons 

list 3 or more ways to attain the goal 

5. ConstxHlnts 

Ust limiting Victors 

6. Choose a solution 

1^ sduttons Icff p(^t]ve and n^ath^ consequences before choosing 

7. Ana^^ysfs 

Idcfflttfy important factors to be considered In working out the details of the solution 

8. Synthesis 

Produce a dialled solutton 

9. Evaluatkm 

How can the solution be evaluated? 

Students who took the guMed design course showed better achievement in advanced 
cour^ azKl wtre less likely to drop out cf engineering than comparable previous students. 

Labontiiiy Tgacthhig. Laborat(»tes are beUevnl to be imp(»tant in teaching problem 
scSving tn the sdeiKes but there Is some evident that they only achieve problem-solving 
goals tf taught with a special emphasis on problem solving. While reviews of research on 
laboratory teaching find that laboratory courses are effective in improving skills in handling 
apparatus of visual-nutar skll^ labOTatrates goierally are 2K>t vexy ^ecttve in teaching 
scientific method ca* pr^on s(dvlng (Shuhnan & TanUr, 1973; BU^ et al.. 1980). 

Lawrenz (1985). howevo*. taught an inquliy oriented phjr^cal science lab using a three- 
phase tearniiigGyck of UJexidoffatkin. (2) inventlim, and (3) applicatk^ In an three phases 
students interacted in small groups. Signifkant gains were fotmd on a pre-test/post-test 
measure of foraud reasonix^ 7^ws<m. 1978). 

Bainter (1955) found that a problem-sidvlng method was superior to traditional laboratoiy 
manual n^thods in teachic^ students to apply pxlndptes oi pl^rsks in interpreting 
phenon^na. Lahtl (1956) also fotmd a problan-sohring method to be superior to more 
conv ent io n al procedures in developing ^udents' abilities to design an experiment. 

All of these studies i^lnt to the lmiK»tance of develop'aig understanding, rather than 
teaching problem solutions by going through a routine series of steps. Whether the 
laboratray is superior to the lecture-demonstration i i developing tmderstandlng and 
problem-sohdng ^dlls probably depends <m the ext^t t } which understanding of concepts 
and gexuoal {S'oblem-solvlxg procedure are emphasized as oppos«i to *codkbook" meth- 
ods. 

VeibaUsatioii. One of the critical elements in learning, retention* and transfer oi problem- 
sohnz]g skills is verbalization. Ahlum-Heather and Di Vesta (1986) showed in a controlled 
expertnmnt that practice with verbalizing the reason for taking a step before the step was 
taken resulted in improved performance. Verbalization was most helpful during the initial 
stages cf teaming. 

The AlretBo Con^ Bspeileiice. Explicit verbalization is an important element of the 
Alvemo Coll^ progxaiiL In teaching critical thinking throughout the college, the Alvemo 
Col^ faculty (Loacker. Cromwell. Fey. & RutherfcHd. 1984) stress €jq;)Ucitness, multij^ 
oppcftunUies to practice In differirm contexts, and en^^yasts on develcptng sUident 
awcavnsss and s«{f-as5es«nent Growth in criUcal thinking abilities occurred o\'er four 
y«ars of college as deoumstrated Ixyth on locally developed measures and on Stewart's 
Analysis qf Argument, the Watson-Glaser Critical TfUnktng Appraisal and the Kolb 
LearrUr^ ^les Inventay. 

Summaiy. In summary, problem sohring can be taught, but most success in teaching has 
come when the problem-solving skills have been explicitly developed in the context of 
existing subject matter, courses, or modules. Evidence for transfer to other subject matter 
domains is generally lacking. 
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Overall, the research on teaching problem solving, or other skills in thinking, is less 
conclusive than <»2ewoukl like. McMinan( 1986) summarizes his review of critical thinking 
research as follows. The results foiled to support the use of specKk: Instructional or course 
conditions to enhance critical thinking but did support the conclusion that coU^e in 
general api^ars to impr o v e critical thin k i n g. Table 3 summarizes the sti*dies reviewed by 
McMillan (19^. McMillan accepts the null hypoth^ls when results fail to reach the .05 
level of slgni&»xK». If one takes a more Bayesian view, a somewhat more hopeful. 
c<sicli2sion fnm these and other studies is that at least three elements teaching seem to 
make a difference: 

1. Student dl»ni^on 

2. Elzplkrit emphasf^ on proUem-soMng procedures and methcKls 

3. Verbalization ctf xx^thods and strategies to encourage development of metacognition 

3. Asfising Critical Thinking 

As indicated above, the Alvemo researdiers u^ a numl»»- of measures, mcludlr^ the 
Wat&m<Uaser Ottfral TTifrikfr^ Appraisal (prx^ubly the most widely used outcome 
measure in this area). Stewart's Analysis of Argument, Kolb's Learning Styles Inventory, 
and a variety of locally derived measures. 

The WiOscn-CUiser CrtOcal ThJnktr^ Appraisal {1980) Includes subtests to measure (1) 
inference, ^) reo^nltlon. of assumptions. (3) deductkm, (4) interpretation, and (5) 
evaluation of arguments. Most ^dies using the Watson-Gla^ to assess efforts to trach 
critfcal thinking have been disappointing. As McMillan (1986) points out. this may be 
because the Watscsi-Glascr is such a generalized measure that It is unllkety to be greatly 
affected by a single course in a sp«:ific content area. 

The Cornell Craical Thinking Test, Level Z. (Ermis & Mllhnan. 1985] includes sections on 
inducticsi. credibility, prediction and experimental plarmlng. fallad^ deduction, and 
ictenti&ation of araimxptlons and is broader in its definition of the domain of critical 
thiTtirit^ It, too. Is machir» scored, which results in a loss of ability to assess aspects of 
thiniriTifl in which a vartety of outccnn^ are pc^slble or In asM^lng the processes involved 
in arrivti^ at a sOlutkm. 

Chickerlng's Ottical Thtnktng Behaulors inventcny is similar to the leanil^itf .strategies 
inventories discussed earUo- m relying im students' self-reiK>rts. It asks students to report 
the percentage of study time spent on each of six activities: (Dmemoriziiig. (2) interpreting. 
(3) applying. (4) analyzing. (5) synthesizing. (6) and evahiathig. 

The Watson-Glaser. Cornell axul Chlckerlng inventOTles repre^nt the two major types of 
(^ective measures used in assessing prt^lem sotving and critical thinking: (1) tests of 
ability to solve problems that do not require specialized knowledge and (2) self-reports of 
activities or preferences presumed to be r Jated to critical thinking. Since crltkral thinking 
is so intimate^ related to knowtedge. it is likely that most educatk)nal purposes will be 
better served by asse^ment devices tied to particular subject matter areas. Within a 
subject matter domain it is stiU possible to test for both "near transfer" (ability to solve 
problems similarto those onwhlchtralxilrig has <Kx:iirred), and fartransfer" (ability to solve 
problems going beyond the 8pe(^ training). 

However, the m^or problem in testing is that the test may measure different aspects of 
cognlticm for different students. Most attempts to use the Taxonomy of Educational 
Otifectiues (Bloom. 1956) to generate items at different levels of their hierarchy failed 
becau^ of Inadequate equating of the kiK>wledge miuired. Thus students might fall items 
Intended to xrwasure analytic or evaluative skills not because of lack of relevant skill but 
because of lack oX knowledge. On the other hand, a test intended to measure high level 
problem solving may simply be a test of rote menu>ry if the problems have been worked out 
by the Instructor in class. 

The American College Testing Program (Steele, 1986) has developed a measure of reasoning 
as part of its College Outcome Measures Pn^ram (COM?). COMP uses written and audio- 
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taped stlmuU to which subjects respond by wilting letters (e.g.. to a leglslatorl or by role 
playbig and speaking to a frtend or group. To assess rea^nlng. trailed Judges a^ss the 
subjects' Identllkatlon and danflcaUon oi principal issues, costs and benefits, potential 
problans, and potential solutions. Two major components of the scale sure caDed "Solving 
Problems" and "Clarifying Values." Validity studies were encouraging, and senioxs scored 
higher than freshman. 

Many locally designed measures of critical thinking present cases or simulations that are 
then validated by the use of erperts providing Ideal answers to whiich students' answers are 
compared. Sometimes the simulations axe prraent«l by a>mputers. For example Dlsems. 
Schwartz. Guenln, andTaylorU986) presented computerslmulatlonscf three patient cases 
to feculty, residents, and third-year medical students. They coiKduded that nine cases 
would be necessaxy to achteve adequate reliability for individual assessment 

Perry's (1970) theory of Intellectual development during college has stimulated the 
development of a number erf assessment techniques. Knefelkamp { 1974) and Widlck (1975) 
create the "Measure of Intellectual Develofanait." an essay test Invoh^lxig decision making, 
careers, and classroom learning. Trained raters using a three-digit number mark the 
students' devetopmoit in the Peny stages (which roughly go from dualism thrx)u^ 
relatlvl»n to commitment). Exj^rtixiental attempts to facilitate development showed 
expected pre-to-post course changes (Widlck, 1975; Stephenson &Himt. 1977:Touchston, 
Werthelmo-, Comfcld. & Hanisoa 1977). 

Kitchener and King (1981) have developed the Reflectlvs Judgment Interview, in which an 
interviewer asks questtons about a dilemma presents oraOy and in writing. Tb.^ 
recordings of the interview are scored in terms of a theory of intellectual development simUar 
in some respect to that crfPeny. 

Fredericksen (1986) describes in-basket and other types erf measures that suggest ways of 
developing better measures of educational outctnnes. Exmis (1962. 1986) reviewed critical 
thinking tests and suggested logteal, criterlal, and pragmatic dimensions for Improvement 
of evaluatb)n pnxedures. He distlngui^es betw^n tests and other evaluation procedures 
as well as comparing critical thinkUig with reasoning and creaUvlty. 

Clearlymuch research work remains in the development (^effective, evaluation tools for use 
by college faculty meml^rs to assess the achievement of educational goals having to do with 
thinking, particularly with respect to the ill-structured problems meed in real-life situ- 
ations. 

For our own research program, some combinations of measures are likely to be selected 
from tests measuring generalized cognitive skills to those specific to a particular course and 
from standardized tests to Flanagan's critical incidents method (Flanagan. 1954) used to 
identify the characteristics believed by our participating faculty members to reveal critical 
thinking. 
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IV. Student Motivation 

Although there are many models of motivation that may be relevant to college student 
leanUng (see Welncr, l980b, for a review of general motivational models), we have chosen 
to use a general expectancy-^^ue model to oiganize our review. Ejci«ctancy-value models 
are essentially co^ilttve models of motivation, in contrast to psychodjmaroic models {e.g., 
models based on Freudian or psychoanalytic theory), ego-psychol<^ models (e.g., models 
based on Brlkson's theoiy), learning theory or drive models (mcKlels based on Spence's or 
Hull's theories), or humanistic models (models based on Maslow's or Refers' theories). 
Since we are primarily concerned with student cognitive development In our research 
prc^ram, rather than personality or social development, a c<^nltive model of motivation fits 
nicely with this focus. In addition, cognitive approach^ to motivational theoiy. such as 
attribution theory (Welner, 1979, 1985. 1986). suggest many productive relationships 
between motivation and cognition (Plntrteh et al.. 1986). Although the sections of this 
literature review may treat c(^nition and motivation ^arately. one of the hallmarks of our 
research pn^ram is the examination of various c(^nltive and motivational con^ructs taken 
together in the context of the college classroom 

Expectancy-value models are derived (rcmi Atkinson's (1964) model of achievement 
motivation. However, recent cognitive reformulations of Atkinson's nuKlel have made the 
role of students' perceptions or cognitions central to achievement dynamics (e.g. . Ow^ck & 
Elliott 1983;Eccles, 1983: Nlchol'«. 1984; Welner. 1985. 1986). For example. In Atkinson's 
(1964) model, the ^udents' prob ^bdity of succ^s was deflnol objectively In terms of task 
difikulty. Several researchers (e.g. '-ccles 1983: Welner. 1985, 1986) have pointed out that 
it Is not the actual task dlfnculty that determines the students' expectancy for success but 
the students' perceived probability of success, given their perception of the task difficulty 
and their perceived ability. Accordingly, in these newer cognitive models of motivation, 
students' perceptions about themselves and the task are the mo^ Important COTiiranents 
of motivation. 

Figure 2 displays the general relationships between the expectancy and task value 
components and their relationship to achievement Figure 2 is based on Eccles' (1983) 
expectancy-value model with additions and refinements added to integrate the various 
motlvatioxial constructs of other researchers. Hie six general constructs in the middle of 
the figure (I.e.. student goal orientation, task value, student efficacy, control and outcome 
beliefs, perceptions of ta^ difficulty, perceived comi«teiM:e, test anxiety and affect, and 
expectancy for success are all student perception constructs assumed to mediate the 
relationship between the college classroom environment and student involvement and 
achievement. This is not to say that certain environmental characteristics may not have 
dlrwt effects on ^udent involvement or achievement, but that our predictive model will be 
stronger and more complete if the student perception constructs are includ«i. Veiy little 
research in higher education has addressed motivational constructs using an expectancy- 
value model. Accordingly, our review focuses on the relevant higher education literature 
when available, but also includes literature frran developmental and educational psychol- 
ogy. Our goal is to provide a framework for organizing motivational constructs that will be 
useful both for theoiy and in guiding research on motivation In higher education. 

A. Descriptic.n of the Expectancy Path 

Hie expectancy path in Figure 2 is at the bottom of the figure and flows from students' 
efficacy, control, and outcome beliefs to their perceptions of the task, and from their 
perceived self-competence to expectancy. Ebcpectancy, in combination with task value. Is 
assumed to lead to task involvement and subsequent achievement. The relationships 
among the expectancy coniponents are described below. 

1. Expectancy 

The expectancy component is generally more familiar and more researched than the value 
component (Parsons & Go0, 1980). The expectancy component is defined as the student's 
belief about his or her probability of success (or failure) on a particular task. As E^ccles 
(1983) has pointed out there is a long history In motivational research documenting the & 
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Figure 2. C(»nponents of motivation 

importance expectaiK:les for academk; i^rfonnaiK^e, task persistence, and task choice 
(e.g., Atkinson. 1964; Covington & Omellch, 1979a. 1979b; Crandall, 1969; Dweck & 
Elliott. 1^; Feather. 1969; Lcwln, 1938: Vcroff. 1969). Expectancies can be specific or 
general For example, students can believe they will fall a midterm exam in chemistry 
course l^ause they dkl not study (a specific short-term expectancy). A more generalized 
expectancy would be students* belief about their potential for receiving an A in the 
chemistry coiuse, while an even more generalized expectancy would be the perception that 
they win do well in all future science courses or In college in general. 

2. Fercelved Seif-Cimipetence. Self-Concept 

As Figure 2 demonstrates, there are two other types of student perceptions that play a direct 
role in expectancy formation: perceived self-ccmipetence and perceptions of task diJBculty. 
Perceived self-competence is not the same as expectancy for success or actual ability. Self- 
competence is defined as students' perceptions of their ability to accomplish a particular 
task. As such, It should be iscnnorphic to actual ability, but it is not necessarily identical 
to actual ablUty. It differs Crran expectancy for success in that a student can have a high 
perceived cmnpetence for a ta^ but. under c^aln conditions (ie.. stress, an extremely 
difiknilt or boring task, a biased teacher), not have a high expectancy for success. It is the 
interaction of the student's perception of task difficulty and perceived competence that is 
assumed to produce the student's expectancy CDweck & Elliott. 1983; Eccles, 1983). In 
addition, percetved competence can vary along the specific to global dimension as does 
expectancy, however, it is generally assumed to be more stable than expectancy (Harter. 
1983). 

The construct of perceived self-competence is related to the self-concept literature (e.g., 
Harter. 1983; Shavelson & Bolus. 1982: Marsh et al.. 1984) as well as the self-efflcacy 
literature (e.g.. Bandura, 1982). There is a long history of research that demonstrates that 
self-coiKrept is correlated with achievement, with positive self-concepts related to higher 
achievement (sec reviews by Harter. 1983: Purkey. 1970; Rosenbeig, 1979; Wylie. 1974, 
1979). Although there is a continuing controversy on the causal predominance of self- 
concept over achievement (cf., Caslyn&Keni^ 1977; Dweck. 1975; Eccles. 1983: Scheirer 
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& Kraut. 1979; Shavelson & Bolus, 1982), we do not plan to enter into this debate. Rather 
we believe that self-concept and achiemnent are inextricably linked in a ^n^rgistic 
iiashlon. Our goal is to eicamine how students' percetved competence is related to their use 
of cognitive strat^ies and task invohrement and subsequent achievement, not whether past 
achievement or sdf-concept is causaUy predominant in predicting future achievement. 

Recant woiit in the self-concept literature (e.g.. Marsh & Shavelson, 1985; Shavelson & 
Bolus. 1982) suggests that self-concept is best characterized as being both taskspecific and 
!iierarchical and global in nature. That is. students have both fairS^ domaln-speci&c self- 
coiKrepts (e.g.. a self-concept for mathematics, science, English, ^rts or physical activity, 
social skills, etc.) and more global self-omcepts that are made up of the domain-specific self- 
coiKrepts. liiis distinctton parallels the discus^on between domain-spedflc cognitive skills 
and more global, generalizable cognitive skills in the cognitive literature (Pintrlch et al., 
1986). In keeping with the geimal sodal-cc^nltive j^rspectlve of this paper, emphasizing 
the active learner and the (dynamic relatton^ps among students' self-perceptions, the term 
"perceived self-competence" is used rather than the static term "self-concept" to refer to 
students' self-perceptions of their ability for academic tasks. In addition, given results in 
both the motivational (e.g.. Eccles, 1983) and cognitive domains (e.g., Stevenson & 
Newman. 1986) that domain-specific perceptUms and cognitions are better predictors of 
acadonte achievement than globa] self-perceptions, we iWU be focusing on fairly specific 
self-perceptions. 

3. Fei cepti ons of Task Difflcnlty 

Our m(xlel assumes that students' perceptions d'task dlUlculty are important mediators 
of achievement behavior in contrast to "objective" task difilculty. This is not to say that 
objective task difOculty is not imiK>rtant; obviously, students' achievement (If measured by 
CPA) win be related to the difllculty of the types of coui^s they elect. Rather, our model 
suggests that student inceptions of task difllculty may modulate and change the 
relationship of task difficulty to students' expectancy for success and their subsequent 
achievement behavior (including choice of courses). For example, an introductory 
psychology course may not be as "objectively" dlflicult as an organic chemlstiy course in 
tenns of complexity of the material covered, yet it may be perceived by srane students to be 
more dlflicult due to differing requirements. Some students majoring in science may be 
lased to taking objective tyi« exams that stress factual knowledge of formulas and chemicals 
and not be veiy skilled at writing essays that require integraUon of different abstract 
psychological theories. Consequently, these students may perceive the writing of a psychol- 
Qg^f paper to be more "difficult" than taking an exam in chemlstiy. In contrast, other 
students may perwlve the chemistry course as much more difficult. These differing 
perceptions of task dllBculty should lead to different expectancies for success. 

The exact relationship of perceived task difficulty to expectancy is not clear. As Eccles 
(1983) points out. perceptions of task difficulty should be inversely related to expectancy. 
However, in her review of this construct, Eccles suggests that the literature on the 
relationship between perceived task difficulty and expectancy is not straightforward. First . 
Eccles notes that many experimental studies (e.g., Atkinson & Birch, 1970; Kukla. 1978; 
Meyer. Folkes. & Weiner, 1976; Welner, 1972, 1974) show that students' persistence and 
choice jf tasks is a ctuvilinear fuiictlon of perceived task difficulty; tasks of moderate 
difficulty seem to elicit the m<»t choice and pex^stence, while easy and very difficult tasks 
result in lower levels of choice or pewlstence. However, since many of these laboi^toiy 
studies use tasks with low ecological validity (e.g. , anagrams, ring toss games), it Is not clear 
that the curvilinear function generalizes to actual college student ach<evement behavior 
(Eccles, 1983). 

While Eccles suggests that there might be a simple negative relationship between task 
diflteulty and choice of courses (courses pe. jeived to be harder should be chosen less), task 
diflkiulty also interacts with task value to produce choice. For example, pre-med courses 
might be perceived as being very difficult, but because these courses have high task-value 
for some students (e.g., they have a high utility value for students who have a goal of 
becoming a doctor), these courses may be selected by pre-med students, even if their 
expectancy for success in these courses is low. Accordingly, there is not a simple 
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relationship between task dlfBculty. eicpectaxKry for success and achievement behavior. 
Research needs to done to clarify these relatlonshii^ in ecologically vsilid settings with 
ecok^lcally valid tasks. Our research represents one attempt to address this gap in the 
literature. 

4. Teat i^nzietjr and Affect 

In our model, test anxiety is placed near the perceived-competence construct. We are not 
proposing that it is the same construct as perceived competmce, as others have (e.g., see 
NtehoUs, 1976). but that it is closely tied to perceived competence. Generally, test anxiety 
is assumed to have two compcments. a worry (or cognitive) component and an emotional- 
ity c(Hnponent. Given previous research dononstratli^ that the cc^nltive component is 
most closely associated with performaxure decrements (^bias, 1985). we will focus on the 
cognitive component in ovu- rraearch. although we will include ra»>tlonality. Our model 
also assumes that ^udent beliefs influence test anxiety and that test anxiety is negatively 
related to expectaiuy for su<xess (see F^ure 2). As will become clear in the following 
discussion, we also link test anxiety to students' cognitions as well as to task characteris- 
tics. 

There are many dlflerent thraretlcal explanations for the wen-document«i finding that test 
anxiety Interferes with perfOTmance. Two general theoretical nuxlels have been suggested: 
a cc^tlve skins deficit model and an attentlonal-interference model fTobias. 1985). 

1. Cognitive AiUs deficit mo«tel. The cognitive ^dlls deficit model generally includes two 
components: a learning strat^^ or ^ciSs deficit and a test-taking skills deficit fTobias. 
1 985) . Hie research, as reviewed by Tobias, shows that the learning ^dlls defklt component 
is consistently related to anxiety and performance, while the research is scnnewhat 
contradictory on the test-taking skills defklt cnnponent. The leanung skills deficit 
comiKuient of the cognitive deficit mtxlel (e.g. , Benjamin. McKeachie. Un, & Holinger, 198 1 : 
Culler & Holahan, 19&» iiK:ludf*s study skUls such as active reading, reviewing material, 
comprehension monitoring, and metacognluon that can be called macrolevel cognitive 
processes (e.g.. Tobias. 1982) as wll as microlevel cognitive proces^s that make up basic 
information processing activities (e.g., elaboration, rehearsal, and imagery techniques for 
memory, see Welnstein & Mayer. 1986). As Tobias (1985) has |X)inted out. a variety of 
researchers have shown that students high in test anxiety often have l^s ed^tive study 
skills, which leads to less effective pnx:esslng of information in the encoding and acquisition 
phase of learning (in other words. p<X}r prepEiratlon) and a sub.sequent decrement In 
performance. In line with this research, the cc^nitlve laming skills deficit component of 
our general model is proposed as a mediator of anxiety's influence on performance (sec 
Figure 2.) 

In contrast to the learning skills deficit, which Is assumed to operate before the student 
takes the exam, the test-taking skills deficit is assumed to operate at the time of the exam. 
Students who do not have good test-taking strat^es mJ^ht do poorly on the exam even if 
they are well-prepared (Le.. have gocxi learning strategies). Tobias (1985) suggests that 
students with low test-taking strategies (e.g., lack of knowledge about differences in how 
to answer multiple choice -vs. essay questions) become awBre that they are doing i}Oorly on 
the exam. This awaren^ results in students' looming anxious and the onset of 
attentk)nal-interference problems. Test-taking skills are not synonymous with the atten- 
tlonal-lnterferoice effects of anxiety, however. Paulman and Kermelly (1984) have shown 
that test anxiety and test-taking skills have separate effects on performance. 

2. Attentional-lntexference modeL The attentlonal-interference modd suggests that 
anxious students' drop in performance (Wine, 197 1) is due to the occurrence ofinterferlng 
and distracting thoughts (e.g., "I'm really falling this exam; I dont know what to do.") that 
divide the students' attention between these "self-perturbing ideations" (see Bandura. 
1982) or task-irrelevant thoughts and the task-relevant thou^ts about the actual exam. 
Given this divided attention, it is no surprise that the high-anxious student do^ poorly on 
the exam, even if well prepared. The attentlonal-interference model assumes that most of 
the effect of test anxiety occurs at the time testing. Hie divided attention problem results 
in the students not being able to retrieve the relevant information. 
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3. CofnitirecaiMclty synthesis of deficit and interference models. A recent costive 
capacity formulation by Tobias (1985) has suggested that the deficit and interference 
models should not be seen as mutually exclusive but rather as inver^Iy complonentazy. 
The model assumes that ^udents have a limited o^nltlve capacity to process information 
at axsy one time. Hie model also proposes that the c(^nlttve components of learning 
stratq^es and test-taking skills tend to increase the amount of c(^tive capacity available 
to the student for any one task, while, in a '^CHnplementaiy but inverse fashion, the 
interfereiKe components decrease the cc^nitlve capacity available. If this is so, then gotxl 
learning strategies and test-taking skills should reduce the cognitive demands on the 
student when the student is taking the exam while interfering thoughts increase cognitive 
demands. For example, if the student is well prepared (because of good study skills) and 
has go<Kl test-taking strategies (allowing him or her to activate the appropriate schema for 
the type of test questions), then his or her cognitive capacity Is fi^ to deal with any 
interfering anxious thoughts that may arise in the testing situation. Accordingly, the model 
predk:ts a dlsordlnal interaction between cognitive skills aiul the inteiference aspect of test 
anxiety. Students high in c(^nlttve skiUs and low in the interference aspect of test anxiety 
should perform at the highest level, while students low in cognitive skills but high in 
interfering ihoi ghts should suiTer the largest performance decrement. Students with low 
skills and lo^v amounts of interference and high skills and high interference should be at 
intermediate levels <^ performance in Tobias' (1^5) model. 

This model represents an Important Integration of the cognitive and interference models oi 
anxiety based on a genci^ information-processing model. However, it does not include a 
cognitive-motivational comi^ment. Recent reviews (e.g., Plntrtoh et al.. 1986) have 
suggested the need to Int^rate ccgnitive-motlvatlonal constructs with cognitive con- 
structs. It Incoming clear to various researchers that cognitive ^rategles (e.g. , learning 
strategies and test-tiSdng strat^les) are not recruited and employed In isolation from 
motivational components. Accordlng}yr, there is a need for the addition of motivational 
components, such as ability and effort attributions and expectancl^ for success, to the 
ci^nltive capacity m(xiel. Covington ( 1 985) has begun to explore the interactions between 
anxiety and students' attrlbutlonal patterns. He has found that students' attributions of 
success or failure to their own lack or adequacy of ability mediate some of the effects of 
anxiety. He also found that effort attrlbuUons did not mediate anxiety effects, mainly 
because high-anxious students reported that they tried as hard as other students. Plntrlch 
(1986) also found that high and low-anxious students did not differ in their effort, but that 
high-anxious students had lower levels of cognitive skills than low-anxious studente. 
However, Pintrich did find that the relationship of these cc^nltlve skills to student 
performance was mediated through effort. That Is, having high levels of cognitive skills did 
not lead directly to improved performance. It was only the motivated and effortful use of 
these strategies that led to impnn^d performance. 

Although test anxiety includes affect, there are other types of emcAions that can be 
generated in achievement contexts that are related to students' motivation and achieve- 
ment. The model displayed in Figure 2 suggests that students affect is influenced by 
students beliefs about eflkacy, control and outcome. This Is in line with a general 
attrlbutlonal approach to the cognition-emotion link (e.g. . Welner, 1986). Welner proposes 
that more complex emotions like pity, guUt. shame, pride, or self-esteem are a function of 
students' attrlbutiona! patterns. For example, attributing success to internal factors (e.g.. 
ability) can lead to feelings of pride and self-esteem. In contrast, attributing a failure to an 
internal cause such as ability may lead to feelings of shame. The attrlbutional dimension 
of controUabUlty can also lead to different types of emotions. For example, attributing 
success to effort can lead to feelings of prtde but attributing a failure to effort can lead to 
feelings of guilt (Welner. 1986). It should be noted that Welner's ( 1986) theory also assumes 
that some simple cnKJtlons like happiness or sadness are basically outcome-dependent (i.e., 
whether you succeeded or failed) and do not require cognitive interpretations (of. Zajonc, 
1980). 



5. Student EfBcacy, Control and OutC(»ne Relie& 



The fifth component of the expectancy path in our model is the individual's beliefs about 
efficacy, control and outcome. There have been a number of constructs and theories 
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proposed about the role of these belleDs in student achievement. For example, early work 
on locus of control (e.g.. Rotter. 1966) found that students who believed that they were In 
control of their behavior axul could influence the envlxonment tended to achieve at higher 
levels. Although this go^al idea of intemallty is still represented in current motivational 
th^wtes, newer modete ^r»s that th^ percepttons of control be nuxre sltuationally 
specific in ccmtract to stable personality traits and that locus of causality is a separate 
construct from controllability (Weiner, 1965. 1986). Accordingly, our approach is to to 
conceptualize these beliefs about efiOcacy. control and outcome in a more dynamic, social 
cognitive perspective. We have ir^corporated the ideas from several different theories in this 
section, but a good starting point is attributional th^ry. 

Attributlonal theory proiK^es that students* causal attributions for success and failure, not 
actual success or failure, mediate future expectanclra. A large numl^ of studio (see 
reviews by Weiner. 1985; 1986) have shown that students who tend to attribute success to 
ability (e.g., 1 did well on that exam because I'm smart") will exj^ct to do well on future 
exams because ability is assumed to be stabte over time. In contrast, students who tend 
to attribute their succ^ to other causes (e.g. . task dllllculty, an easy exam, or extra effort) 
will not have as high espectandes because the task or effort can change over time . In falliu-e 
situations, stable attributions to ability have detrimental effects on expectaiK^y. That is. 
students who attrttsute their poor performance to ability (e.g., 'I did poorly bemuse I'm not 
very smart") wUl tend to have lower expectancies for future exanuk Just the opposite is true 
of unstable attributions for failure. Students who attribute failure to effort tend to have 
higher exp«:tancies b«:ause they can change their levd ci effort for the next exam or in the 
case of attributing failure to a difficult exam, expect that the next exam will be less difficult. 
Many attributions can be provided for mc^t achievement situations (e.g., ability, skill, 
sustained effort, unstable effort, luck, task diflkulty, mood, illness, fat^e, other people. 
Interest, knowledge, and attention; see Weiner. 1980b. 1985. 1986 for reviews). However, 
it is not the actual attributions per se that seem to determine consequence but their com- 
mon causal dimensions (Weiner, 1985. 1986). The three main dimensions on which 
attributions can be placed include locus, stability, and controUabUity. although intention- 
allty and globallty are other dimensions that have appeared in sonx ana^rses (Weiner. 1985, 
1986). It is the causal pro[»rties of the dimensions that relate to future expectancy and 
behavior. 

The locus dimension refers to the Internal or external nature of the cause in relation to the 
individual. Forexample, ability and effort are internal causes, while task difficjlty and luck 
are external causes. Generally, it is asstmied that having an internal locus-of- 'isiL sahty is 
positive. This is the basic distinction inherent in the general social learning construct of 
locus of control (Rotter. 1966). However, this one-dimensional locus-of-control fomi jlatlon 
has proven too slmpllstk: and inadequate to account for the data (Weiner. 1986). Thi other 
dimensions of Ability and controllability also need to be included in the model. 

The stability of an attilbutlon refers to the manner in which the cause may fluctuale over 
time. For example, ability (or. more appropriately, aptitude) is an internal cause that is 
assumed to be stable over time, while effort (also an internal cause) is assumed to be 
chargeable over time. Luck and ta^ difficulty are both external causes that are assumed 
to be unstable. Weiner (1986) has suggested that the stability dimension is most closely 
related to changes in expectancy for success in the achievement context. According to 
Werner's expectancy principle, attributions to stable causes (e.g.. ability) should result in 
more positive expectar»:ies for the outcome in future situations, while attributions to 
unstable causes may rtsxjlt in a different expectancy or an unchanged expectancy for the 
outcome. 




The controllability dimension refers to the individual's ability to control the cause. For 
example, mood, fatigue, and effort are all internal and unstable causes, yet effort is generally 
under the individual's volitional control while mood and fatigue are not (Weiner, 1986). In 
the same maimer, aptitude (an internal and stable cause) is not considered to be under the 
individual's ojntrol. while skill (an internal and un^able cause) can be brought under the 
individual's control. While stability is assumed to relate to expectancy change, controlla- 
bUity and locus are assumed to relate to students' affective reactions In Welner's (1986) 
model 
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Attilbutlonal theory, as originally proposed, was a theoiy of lodtviduals' situation-specifk 
reasoning about events. As such, individuals could make attributions to any cause for 
almost ar^ outcome in anjr sltuaUort However, other re^archers have shown that 
individuals tend to ^ow omsistent patterns in their attnbutlonal reasoning over time and 
acrx»s diflerent achiemiKnt tasks. These patterns have been shown to be related to 
achievement behavior. These different patterns can be grouped according to which of the 
three dimensions of causality they concern most 

1. Stodents' beUelii about the stablUty <^ achievement. A few attributions seem to 
predominate In mn^ achievement contexts. Welner (1986) suggests that the two most 
lmiH)rtant attributions in the achtev^nent domain are effort and ability. Althou^ these two 
attributions are understood intuitively by mc^t people, recent theory and research by 
NlchoUs (1984) and Dweck and Elliott (1983) suggest that individuals can differ m their 
conceptions of ability and that there Is a developmental progression in individuals' 
conceptltms. The main thrust o£ this work has been to show that conceptions ability 
change from a skill-based model to an aptitude or capacity model. In addition. Blimienfeld, 
PlnMch, and Hamilton ( 1 986) have shown that children's criteria forjudging ability change 
with age. 

In the skill-based model indlvMuals assume they can improve with effort and that skill rises 
with Increased mastery of the task. Dweck and Elliott (1983) term this an "Incremental" 
approach to abilify. while NlchoUs (1984) labels it the "undlffer^tlated corKreptlon of 
ability." In contrast, in the apUtude model, ability is seen as capacity (Nicholls. 1984). 
setting a limit on improvement of performance as well as on the efficacy of effort for 
improvonent. Dweck and Elliott (1983) term this an "entity" approach to ability whUe 
Nicholls (1984) labels it as the "differentiated conception of abili^." 

Th^ conceptions of ability ^ould 1% related to students' expectancy and perceived 
competence. Students who have a ^dll-based or incremental model ability will assume 
that effwtful behavior will help them improve, resulting in a higher expectarxy for success. 
In addition, they win tend to Judge their c<»npetence in terms of their own ^If-masteiy of 
a task, rather than tn relation to others' i^rformaxu^e. In contrast, students with an entity 
or aptitude theory win tend to see their pa^ performaxK^e as limiting their future 
performance, which is not debilitating if one perceives oneself as having high aptitude and 
has had succ^ in the past, but it can be debilitating if one does not have a pattern of past 
success and high perceiv«l competence. Hiese construct are relatively new and have been 
im^tlgated with younger children but have not b«en explored in great detail with college 
stud^ts. In our work we wlH examine these constructs aiul their relattonshlps to pe rcelved 
competence, expectancy, and performance. 

2. Students' bellefii about the Internal or external locos of achievement. The locus of 
causaUty dimension has generated a variety of mcKiels concerning the individuals' pattern 
of intrinsic or extrf control (e.g. , Lefcourt. 1 976; Rotter. 1 966). The general message of 
all these models is , a general pattern of perception of internal control results in positive 
outcomes (i.e., hlgl»cr achievement, high self-esteem), while sustained perceptions of 
external control result in n^ative outcomes. For example. Decl (1975) and de Charms 
(1968) have discussed perceptions of control in terms of the students' belief in self- 
determination, de Charms (1968) coined the terms "ortglns" and "pawns' to describe 
students who telieved they were able to control their actions and students who believed 
others controUed their behavior. 

More recently, CormeU (in press) has suggested that there are three aspects of control 
beliefs: an internal source, an external source or powerful others, and an unknown source. 
Students who believe in internal sources of control are assumed to perform better than 
students who believe powerful others (e.g.. teachers, parents) are responsible for their 
success or failure and better than those students who don't know who or what is responsible 
for the outcomes. 

These models generally assume that perception of internal control is a positive condition 
and external or unknown control is negative. Reviews of research in this area are somewhat 
conflicting, however. For example, Siptek and Welsz (1981) in a review of research on 
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perceived control and academk: achievement coiK:lude that there Is little relationship 
between perceptions oS control and elementaiy ^udents' academic achievement. In 
contra^. Flndtey and Cooper (1983). in a laxgo* review that included Indies of collie 
students and adults, fotmd a sn^ but s^nlficant iK>sltlve relationship between perception 
of internal control and academic adiievonent Findley and Cooi^ also fouxul evidence for 
a curvilinear nktionshlp between perceptions of internal con^jol and achievement. They 
found that the relati(»iship was strongest for young adolescents (e.g.. Junior high schcKil 
students) and weakest for elementary ^udents {&st through third grade) and collide 
students. Tills curvilinear relationship by age may be responsible for the conflicting 
findings of previous reviews if the review did not sample or analyze by age of subject. In 
addition. Findley and Cooper found that the p<»itive relatlon^p was stronger for males 
than females. These findings suggest that for college students, the relationship between 
perreptions of internal con^ and achievement may not be straightforward. 

Aknost an the models concerned with internal orientation autonatlf^Ily assume that hlghcr 
levels of Internal control result in jx^ltlve outcomes. Hawever, this may not necessarily be 
the case. There may be tln^ when pot^pttons of internal control may debilitating (e.g. . 
Covington & Beery, 1976). Harter (1985) has proposed a refinement of the general internal- 
external orientation with her construct of bene£fectance. The xko1<^(1ct. bmeffectance. is 
formed by combining eff^rtance motivation (White. 1959) and bendlcence. meaning good 
outcomes (see Greenwald. 1^0). Harter propo^s that beneffectance involves the 
indivblual's tendency to attribute suare^fiil outc<Hnes to internal causes and attribute 
failure outcomes to external causra. Hiis hedonic bias should result in more positive 
outccnnes. As expected, students who tend to have a high level of beneffi^rtance. tend to 
perform better on a(^demlc tasks and have ^igher expectaxuUes for future success (Harter. 
1985). 

3. Students' beliefs about the controllability of achievement. As Welner ( 1 986) points 
out. the controllability dimension is related to the internal dimension as well as the inten- 
tlonahty dimension, but they can be separated on coiKieptual grounds. In fact, most of the 
early social leamir^ research on locus of control confounded the intemallty and control- 
lability dimensions (Welner, 1986). The controllability dlmensKmcorK^ms the individual's 
perception that events are controllable. Hie most comnK}n attnbutlonal pattern related to 
this dimension Is one that has been labeled "learned helplessness" (e.g.. Sellgman. 1975). 
The negative aspect of this pattern has been the focus of much of the research, hence the 
negative label. The basic pattern is that individuals perceive no association or contingency 
between their own behavior aiKi the environment in terms of outcomes, other's behavior 
(l.e.. the teacher's), rewinds, and ptmlshments. Hils lack of i^rceived contingency can lead 
to passivity, anxiety, lack of effort, and lower achievement levels (Welner, 1980b; Wortman 
& Brehm, 1975). This attrlbutlonal pattern is related to students efHcacy beliefs. 

Students' self-eilkacy has been defined as individuals' beliefs about their performance 
capabilities in a particular domain (Bandura, 1982:Schunk, 1985). llie construct of self- 
efllcacy includes students* Judgments about their ability to accomplish certain goals or 
tasks by their actions in specific situations (Schunk. 1985). This approach implies a 
relaUvely situational or domain specific construct rather than a global personality trait. In 
an achievement context, it includes students' confidence in their ccgnltive ^dlls to perform 
the academU: task. In terms of our model these beliefs alx>ut self-eflicacy should be related 
to task difficulty perceptions as well as expectancy for success. In addition, it Is important 
to distinguish these i^rceptlons of efficacy from students' bellefis about outcome. As 
Schunk (1985) has pointed out, outcome expectations refer to persons beliefs concerning 
their ability to influence outcomes, that is, their belief that the environment is responsive 
to their actions. This belief that outcomes are contingent on their behavior leads individuals 
to have higher expectations for success and should lead to more persistence. These beliefs 
are distinct from students self-appraisals of their ability to master task (Schunk. 1985). 
Accordingly, l^liefs about self-efficacy and outcome can vary. For example, a student may 
believe that she has the capability to perform well on exams, but at the same time, expect 
a poor grade because of a tight grading curve in the class or a belief that the instructor's 
criteria for evaluating the exam are arbitrary. These l)ellefs about the grading system would 
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lead the student to expect a lower outcome than her self-efllcacy beliefs would predict. It 
is important, therefore, to assess not only students self-perceptions of efllcacy but also their 
beliefs about the responsivene^ of the environment to their actions. 

In addition to the notion of controllability, a number of researchers have suggested that 
intentionality is an Important dimension of achievement beliefs. For example, an effort 
attribution for success or failure can be seen as intentional. A student must purpostvely 
exert effort in an intentional manner. In contrast a study strategy attribution for success 
orXallure generally would not be considered intentional. Students do not usually use a pcK)r 
study strategy that leads to failure intentionaUy (Weiner. 1985). They usually don't use a 
particular strata because they dont have the knowledge erf the strategy (declarative 
knowledge), how to use it {procedural knowledge) or dont recognl^ the situation as 
appropriate for the strategy (conditional knowledge). Of course. Intentionality is not 
orthogonal to control. It seems likely that axiy attribution that can be considmd intentional 
would also be controUaole. In addition, as Weiner (1985. 1^6) points out, logically. 
Intention is not a characteristic oS an attribution, it is a char^terlstic of an action or 
individual and best describes a motivational orientation. As such. Weiner (1985) leaves 
intentionality out (rf his general attributlonal model anci dassifkation of attributions along 
causal dimensions. The concept of intentionality as a motivational orientation, however, 
has important ImpUcations for our research on student learning. Recent work by Kuhl 
(1983. 1985). Como (1988) and Skinner (1985) has addressed the relationship between 
Intenaonality and the indlviduars control of their actions and their cf^niUon and learning. 
Basically, this research shows that students who believe they have control over their 
behavior and act accordingly (with volition) perform letter than ^udents who do not have 
this type of motivational orientation. Since much of collie learning takes place outside the 
classroom and is under the control of the student, these concepts of control, volition and 
intention are important aspects of students' motivational orientations. According^, we 
have included these beliefs in our model of motivation. 

B, Description of the Task-Value Path 

The task-value path in the model has been less researched and developed than the 
expectancy path (Eccles, 1 983: Parsons & Goff, 1 980). In our formulation, we have followed 
Eccles' conceptualization of task value and student goals. The general flow of the model Is 
from students' goal orientation to task values. A simple example of the flow follows. A young 
woman decides that she would like to b«:ome a doctor. She may then adopt this career goal 
as one of her life goals. This goal adoption then Influences her value for certain kinds of 
tasks In college (e.g. , choosing pre-med courses over other types of courses). The causal flow 
and definitions of the (instructs are explored in more detail below. 

1. Task Value Component 

The task-value component was originally :oncelved as the value an individual attached to 
success or failure on a task. This value, like probability for success, was defined In objective 
task terms by Atkinson ( 1964) in his achievement motivation theory. However, as Eccles 
(1983) points out. task value can be conceived of in more subjective, broader, and 
IndMdualisUc terms (cf . Parsons & Goff. 1978, 1980; Raynor, 1974; Spenner & Feather- 
man, 1978), This more subjective focus includes the characteristics of the task as well as 
the needs and goals of the student. Three components of task value have l^en proposed 
by Eccles (1983) as Important in achievement dynamics: the attainment value of the task, 
the intrlnsk: value or the intrinsic interest value of the task, and the utility value of the task 
Cot future goals. There has been veiy little research on these components of task value, 

a. Attainment Value 



This component of task value refers to the students' perception of the task's ability to 
provide a challei^e, fulfill certain achievement needs, and to confirm a salient aspect of the 
self (e.g.. competence). For example, students who think of themseh^s as "smart" and 
perceive a certain course as both a challenge and a confimation of "anartness" (e.g.. 
organic chemistry), would have a high attainment value for this course (Eccles, 1983). High 
attainment value should lead to more involvement in the task, 
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b. Intrinsic, or interest, Vcdue 

The intrlnste. or Interest, value of a task refers to the individual's inherent ei^ oyment of the 
task. Intrinsic interest Is assumed to influence students' Invohrement in the task and their 
future iu:hlevement. Interest In the task is partially a fuiv:tlon of the individuals' 
preferences as well as aspects of the task (e.g., Malone, 1981). 

c. Utauy Value 

In contrast to the "means" or "process" motivational dynamic of intrinsic task value, utility 
value refers to the "ends" or instrumental mcUvatlon of the studrat (Eccles. 1983). Utility 
value Is determined by the importaiu^ oi the task in facUitatlng the student's goals. For 
example, oiganlc chrailstxy may not be an inherently mteresUng task m have high attain- 
ment value for a student but because the student has a goal of becoming a doctor, the 
course has a hl^ utility value for the student. This instrumental aspect of college students' 
motivational dynamics may play an important role in their choice of classes and their 
ultimate involvement in the course. 

2. Mbthrational Views of Studoit Goal Orientation 

Student goals are assumed to influence their value for certain tasks as the last example of 
the pre-med student demonstrates. Student goals can be comreptuallzed along a contin- 
uum from the global level (in terms of career goals and life goals) to the more specific level 
referring to the students' approach to a particular task, exam, or course. Our program will 
take a I'alrly task speclfk: approach to student goals, in keeping with our general model of 
examining cognitkm and motivation in relationship to the instructional and task environ- 
ment that students conlront in coU^e. Although a numbo' of researchers have discussed 
student goals, there are three general perspectives, an Intrinsic motivation model, a self- 
worth model, and a cognitive goal formation model. They range, in order, from more to less 
general vlcivs of student goal structure. However, these nuxlels are not mtended to 
subsume one another. Rather, they represent relatively distinct ways of thinking about a 
student's motivation to learn. 

a Intrinsic MotivatOm Model 

Research and theory in intrinsic motivation has a long and varied history. This veiy general 
perspective on human motivation b^an as an effort to make sense of our propensity to 
actively seek engagement with the surrounding environment, and was only recently 
reconceptualized as an inherent part of a student's motivation to learn in the classroom. 
Examples of this early perspecth^ are provided by the work of Woodworth. McDougal, 
Allport, White and others. Woodworth (1918, 1958) argued that only when an activity is 
energized through some inherent aspect of its process or substance will it be performed 
freely and elTectlvely. McEtougal (1908) viewed intrinsic motivation as an innate human 
propensity while Allport's (1937) work indicates that it Is an essential dimension of 
functional autonomy. This early work recel';«d support from research on the reiiiforcing 
qualities of exploratory behavior among nonhumans (Dashllell. 1925; Nlssea. 1930: 
Montgomery and Segall. 1955). which demonstrated that the exploration of novel environ- 
mental stimuli is both an intrinsically rewarding activity (Harlow et al., 1950: Harlow & 
Meyer. 1950: Premack. 1959. 1963). and a secondaiyrelnforcerofother responses (Butler 
& Harlow. 1957). 

Research focusing on the functional properties and goals of intrinsic motivation, including 
the reduction of psychological incon^ity (cf . Hunt . 1 97 1 : McClelland et al. . 1 953 : Berlyne . 

1971) . cognitive dissonance (Festinger. 1957), and the reduction of uncertainty (Kagan. 

1972) , suggests that intrinsic motivation may be most fruitfully conceptualized as serving 
the needs of humans to deal effectively with their environments (White, 1959). In this way, 
intrinsic motivation is related to control beliefs and perceived competence from the 
expectancy side of the model. This concept encompasses the motivation to engage In 
activities iiKludlng exploration, manipulation, attention, thought, and communication 
(Decl. 1975). 
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The Intrinsic motivation to efifecttvcly interact with the environment may be quite undiffer- 
entiated in children (White. 1959; Deci and I^ran. 1985). while becoming progressively 
differentiated into more Sfwcifk motives like masteiy. cognizance, and achievement among 
adole»:ente and adults. Part&:ular motives become more salient to a person's make-up 
through ezpertenc^ as difierent asj^ts {^environments call for different types of effective 
fiinctlcmlng (de Charms. 1968). 

WhUc we quest'on, with White (1959). the correctness of coiKeptualizlng this propensity 
among humar^ in terms of simple drive states, two points seem well established. Humans, 
as well as (Hher animals, appear to readily engage in the exploration and manipulation of 
stimulus otjects within their enviionments. and the intrinsic incentive inherent tn these 
activities appear to be imiK>rtant motivators of t^avior (cf., Deci, 1975). 

The intrln^ motivation to learn has been conceptualise In a S(m»what different way. In 
laige part this differentiation is due to the need of educational researchers to capture 
imix)rtant aspects of the da^nxnn environment and characteristics of the ^udent that are 
relevant to classrxKmi teaming. Consequently, we find that the basic propensity to pursue 
a sense of personal causality and ccsnpetence is often joined with a learned facility which 
embles the student to sustain the desire to learn (Coi««o and Rc^kemper, 1985). This 
learned facility reflects the development of ct^nltive and other academically related skills 
that include abilities to pursue achievement through one's own efforts, the ability to delay 
immediate gratiflcatton for less prcodmal but h^ly valu«l rewards, and a gradual 
reductton in fear cf fiailure (Welner, 1979; Como and Rohrekemj^r. 1^5). Haiter and her 
coHeagues (1^5) have developed an instrument designed to assess a student's present 
capacity for intrinsk^ally motivated leaxnlng. 

She has propt^ed five student-centered dimensions of the intrinsic motivation to learn in 
the classroom. They are: challenge, curiosity, masteiy. independent Judgment, and 
internal evaluative criteria. These dimensions parallel some of the aspects oftiie models 
of Dweck and Elliott's ( 1983} and Nteholls' ( 1 984) . Each dimension can be conceptualized 
as a continuum along which individuals can vaxy. The challenge dimension refers to the 
individual's preference for challenging tasks or easy tasks. The curiosity dimension is 
anchored at one end by the student's tendency to work to satisfy his own interests and 
curlc»ity rather than working to please others (parents, instructors) or to obtain good 
grades. The student's preference for working out problems alone in contrast to relyli^ on 
the instructor for assistance makes up the mastery dimension. A related dimension is the 
student's belief that she is capable c^maldng judgments about what to do versus being 
dependent on the instructor for guidance. The la^ dimension concerns the student's 
reliance on internal criteria forjudging access and failure versus reliance on external cri- 
teria (e.g.. grades, social comparison) forjudging perfomiance. 

This description of intrinsic motivationjolns together, then, descriptors of person and stxrial 
environment. It suggests that himians have a need to seek optimal levels of stimulation and 
sense of competence. By implication, it also suggests that the environment must provide 
students with apinY)prlate oppcntunities and resources for such activities. Finalfy. our 
conceptualization <rf an intrinsic motivation to learn indicates that the individual must 
come to possess what Welner (1979) has termed "personal responsibility factors". These 
factors or capacities enable the individual to effectively pursue involvement with intrinsi- 
cally interesting education tasks. 

b. Se{f Worth Model 

Covington and Beeiy (1976) have proposed a self-worth model of motivation that assumes 
that one of the driving forces of students' motivational dynamics is the maintenance of self- 
worth. In this model, students are not necessarily intrinsically motivated for challenge or 
mastery, but rather are motivated to increase their feelings of self-worth and self-esteem or 
at least protect their self-worth. In this model, the classroom context is seen as a 
competitive system with an inordinate emphasis on student ability (Covington, 1976). This 
classroom context encourages students to prefer to be seen by others as succeeding thrc i igh 
ability rather than effort (Covington & Omellch, 1979a: 1979b). In addition, the model 
assumes that the nature of the classroom system produces more failure experiences than 
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success experiences for roost students. This system also distributes grades (or other 
rewards) on a fixed basis In an unequal distribution (e.g., grading on a curve). Under this 
system, with a scarcity of rewards and an emphasis on ability, ^udents v/ill tend to have 
a motivational orientation or goal to avoid failure rather than strive for success (Covington, 
1974). 

This failure-avoldant goal wUl result In a variety of strategies to avoid failure. The key 
attributional nKchanlsm for failure-avoiding strategies concerns the nature of elTori and 
ability. If students tzy hard at an academic task (a paper, an exam) and fail or do poorly, 
they often have no other attribution to make for poor j^iformance except lack of ability. This 
lack-of-ablllty attrfbutlcm is vexy damaging to the individual's sense d self-worth and 
individuals will tiy to avoid this event. In contrast. If they do not tiy hard and then do poorly, 
they can avoid the lack-of-abUlty attribution by noting that they did not tiy hard enou^. 
Hence, effort Is a double-edged sword. Ofort IxKnreases the probability ofsuccess, but it also 
Increases the potential for lade of ability attributions if failure occurs (Covington & Omelich . 
1979a; 1979b). There are mai^ dlOerent strategic to avoid effort. For example, students 
may not exert any effort by choosing not to parttelpate in a variety of educational activities, 
by skipping classy i^eeping in class, etc. (cf.. Astln. 1985). A more sophMteated strategy 
Involves setting extreme^ difficult goals, such as el«:tiug an overic^d cMf dlfiteult courses 
for a semester. This strategy (if it results in failure) allows the indent to make a task- 
difficulty attribution for poor perfonnance and avoid the lack-of-abillty attribution. 

Another popular effort-avoiding strategy involve procrastination, such as cramming for an 
exam and writing papers the night before the due date. These strategies allow the individual 
to avoid lack-of-ability attributions because, if pa>r peribnnance results from these 
activities, students at^iys can say that t^^ y would have done better if they had studied 
more or started the pai^r earlier. In addition, the procrastination strategy presents 
students with a "lx>nus" lif they do well on the exam or paper. In this case, they can conclude 
that they must be fmait (an ability attribution) because th^ did so well with so little 
studying or preparation. Of course, another strategy to avoid failure is to structure the 
situation so that the probability of achieving success is quite high. In experimental studies 
this results in ^udents ch(X)sjng easy tasks (Covington, 1976). The college analog of this 
behavior is the election of extreme^ easy courses, solety on the basis of ease of obtaining 
a high grade without consideration of the students' overall curriculum plans or career goals. 

c. Cognitive Coal Formaiion Model 

Dweck and Elliott (1983) and Nteholls (1984) have proposed two basic types of goals 
students can adopt as they engage in a task: peribnnance goals (or an ego-involved 
orientation] and learning goals (or a mastery orientatloi^. Essentially, students who adopt 
a performance goal will focus on their own ability to do the task, their pp jormance in 
relation to some normative, rigid, or immediate standard, and on their obtamed outcome, 
and they will tend to see errors as exsmiples of failure. This is similar to the self-worth goal 
orientation mc^el. In contrast, students who approach a task with a learning goal will focus 
on the process of how to do the task, their performance in relationship to their past perform- 
ance or a personal standard that is flexible, and their involvanent in the task in contrast 
to the outcome, and they will tend to see errors as useful (Dweck & Elliott. 1983). This Is 
similar to the intrinsic goal orientation model. 

This cc^nltlve goal formation model encompasses aspects of the Intrinsic motivation model 
as well as the self-worth mode!. It Is a fairly recent formulation and has not been researched 
as much as the other two models. It represents a synthesis of the two approaches, and we 
will be using it in our research on motivation. In addition, the cognlQve goal model is more 
process-oriented and predicts that students will have different orientations for different 
tasks. For some tasks, students may be driven by a performance goal. They may Just want 
to get a go<xi grade. In other cases, they may adopt a learning goal to strive to master the 
task 

It is obvious from these examples that students' motivational orientations are an Important 
component of any motivational model of student behavior. Motivational orientaUon 
Influences students' level of involvement in a task, their value for the task, and their 
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expectancy and perceived competence for the task. The qu^tion for researchers remains 
whether students are inuinsically motivated for mastery, challenge, and learning, or are 
motivated to enhance their self-worth and ability perceptions, or some combination of both . 
depending on the situation and their past experience and history. Our research will attempt 
to address this questtonby examining students' moUvaUonal orlentaUon in relation to other 
motivational variables, cognition, and instruction. 

C. Antecedents of Motivational Constructs 

students' motivation is influenced by a variety of environmental antecedents. There is very 
little ecologically valid research on the general expectancy-value mcKiel we have proposed 
here in the college setting. Consequently, we not only summarize exl5 cliig literature but also 
point out potential research areas that need to be inve^igated. Many of the possible 
environmental antecedents are aspects of otlier research programs in NCRIFTAL and wUl 
not be discussed here. These IrK^lude school-wide variables, such as institutional climate 
(Peterson. Cameron, Mets, Jones, & Ettlngton, 1986) or currlculimi variables (Stark & 
Lowther, 1986). Of most concern to our r^earch program are environmental variables at 
the course level, such as instructor characteristics, format and structure of the class, 
grading practlcra,and typ^ of exams. 

1. Instructor Characteristics 

While another pn^ram in the Center is doing research on the individual faculty member, 
(Blackburn et al. . 1986). our intere^ corK^ems instructors* general instructional styles and 
teaching strategies. S^tlon V discusses the cognitive outcome of dlfiferent teaching 
methods: here we are concerned with how different teaching strategies affect motivational 
constructs. 

Dunkin's (1986) review of teaclilng in higher education mainly focuses on cognitive 
outcome, but he notes several findings related to motivation. First, In his summary of the 
Michigan meta-analysis (e.g.. Kullk. Kullk, & Cohen. 1979), Dunkln (1986) notes that the 
Keller Plan does result in more student satisfaction than conventional instruction. The 
general mechanism assumed to be operative here is that students' choice and control over 
the pace of their learning results in more satisfaction. This noUon of student choice and 
control has been promu^ated by intrinsic motivation researchers for all grade levels (e.g. . 
Decl. 1975). 

Other faculty characteristics that Dunkln reviewed included soclo-emotlonal qualities and 
lecturing characteristics. Again. Dunkln focused mainly on the cognitive outcomes of these 
characteristics. The motivational outcomes have seldom been evaluated, except for general 
student attitudes. It would seem likely that positive faculty chamcteristlcs, such as praise 
and encouragement, would be related to student's motivation, but Dunkln notes that the 
results are equivocal in the few studies that h;ive addressed this Issue. Clearly, there is a 
need for more research in Lhis area. 

In terms of lecturer characteristics, Baumgart (1976) found six types of faculty roles (Le., 
reflexive Judge, data input, stage setter, elaborator. probe, and cognitive engineer). 
Baumgart found that students engaged In more higher level thought and expressed more 
positive evaluations when the instructor performed the role of reflexlvejudge, Dunkln notes 
that this type of research is valuable by demonstrating the differential effects of different 
aspects of teaching behavior. Again, there is a need for more research that examines 
students' cognition and motivation as conceptualized in our review, 

a. other Course Variables 

Many other course variables can influence motivational variables. These include the format 
of the class (e.g. , lecture, discussion, lab s«;tlon. etc.). grading practices, and types of tasks 
assigned for the course. In Section V of this paper there Is a review of many of these aspects 
of the class envlrormient. However, one aspect that has been investigated from a 
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motivational persj^tlve is the nature of the reward system in the classioom. In particular, 
researchers who have investigated Intrlnsk: motivation have focused on this aspect of the 
classroom environment. 

As students of this area well know, controversy over the value of intrinsic motivation to learn 
is not new. Over four decades ago Dewey ( 1938) wrote of the continuing debate over whether 
education is best oriented toward fostering development of the students from within or 
whether it is betto- oriented toward fozmation frcm without. A mlcroc(»m of this debate 
presen y focuses on whether intrinsic incentives versus extrlnste rewards are the more 
effective motivators of learning and whether intrinsic mottvation is undennlned by extrinsic 
rewards. We now turn to a brief review of some oS the m^or points in this ongoing debate. 

An instructive way of addressing the relationship between intrinsic motivation to learn and 
extrinsic rewards is to disaggr^te the process into components ixKdudhig initial engage- 
ment with the activity, the actual process of woridng the activity through to its conclusion, 
disengagement from the task, and subsequent reengagement (Condry & Chambers. 1 98 1) . 
This proc^ure focuses our attention on the l^miiz^ process rather than simply on intrinsic 
inter^t. enabling us to avoid intellectually interesting, but pedagogical^ inconsequential 
distinctions between Intrinsic and extrlnsU; rewards. 

CL E^igagement 

The Impetus for much of the research on the "hidden costs" to learning of extrinsic rewanls 
isbasedonasingle, imptntantsetofobservatinna In sum, the observations are: there Is 
an inverse relatitmship between an individual's attitude toward an activity and the salience 
of extflnslc 'ustifkatlon for engagli^ in it (Lepper & Greene, 1975). In situations where 
salient external incentives are expected at the outset, the findings from over-justlUcatlon 
research sugg^t that students tend to engage in that activity for the reward rather than for 
any inherent challenge or the possibility of learning it may provide (Lepper et al.. 1973; 
Smith, 1976; Decl, 1971). 

FurthCT. some evidence iiulicates that subjects who anticipated beingjudged by an external 
source (Maehr & Stallings, 1972) or who were persuaded that they would be paid for 
undertaking learning problems (Condiy & Chambers. 1981) took on significantly easier 
tasks than those worktog under intrinsically oriented conditions. This finding is especially 
salient because the potential for students to be 'distracted' from seeklr^ out optimal 
challenge appears to be most pronounced when an activity is first being learned (Bruner, 
1974; Condry &*Chambers. 1978; Harter. 1981). 

Finalfy, it is aigued that extrinsic rewards tend to curtail free choice In the engagement 
phase of any activity 'Como & Rorhkemper. 1985; Condry & Chambers. 1978: Harter. 
1981). Oiie implIcaUoi^ of this finding is that the level of active self-involvement will also 
tend to be less under condlUons of extrinsic IncenUves. The finding that the moUvators of 
initial engagement are crucial to what is eventually learned will not come as a surprise to 
most astute practlUoners. The upshot of such work is that the nature of the motlvatore of 
initial engagement with any learning activity will almost certalnJ.y have direct Implications 
for how a student defines optimal levels of personal investment and challenge vis a vis that 
activity, and in turn, on whether a student Is oriented toward learning new material or 
simple peifonnaxKe. 



b. F^cxxss 




The problematic relationship between extrinsic rewards and learning continues during the 
learning stage, with the possibility that the foregoing effects may be generalized to actual 
performance. Lepper and Ms colleagues ( 1 973) have noted that, as compared with children 
expecting no reward, children expecting a rewani for pictures drawn during an experimen- 
tal session tended to draw more pictures, but of lower quality. In a study of concept- 
attainment, Condiy and Chambers { 1978) introduced subjects to a learning task and then 
asked them to work through one on their own. They found that participants who were paid 
to do the problems proceeded In a way that was more 'answer oriented." This Is similar to 
the ego-involved motivational orientation. Members of this group sought less Information, 
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miide more premature guesses, made more redundant choices, and in the end. needed as 
much or more infonnatlrn before achieving the correct solution (see also Garbarlno, 1975) . 
Their conclusion is instructive: 

Learning require that one develop some skills and habits such as attention to speclflc aspects 
of the informational array, formation of meaning!^ questions, perception of relationships, and 
Integration of information. Our research suggests that these skills, what we prefer to call 
strategies of teaming, are dlflerent under the two motivational contexts we have described. 
IntrlnslcaUy motivated subjects attend to and utiU^ a wider array of Information: they are 
focused on the way to solve the prc^lem rather than the solution. They are. in general, more 
careful.k^cal. and coherent in their pn^lem-solving strategies than compaiable subjects 
offered a reward to solve the sanx problems, (p. 69) 

Such findings strongfy advise agali^ uncritically basing classroom teaching on systems of 
extrlnsk: reward. However, we agree with Ded's distinction between feedback originating 
from the envlmnment that is informational rather than controlling in nature (Deci. 1975). 
Information, in whatever fonn, that Is intended or experienced as pressure to perform, 
think, and feel in a particular way will tend to facilitate an extrinsic orientation toward 
learning. Information experienced as providing effective relevant feedback in a context of 
relative choice or autonomy will tend to enhance intrinsic engagement in an activity (Deci. 
1975: Ryan. Connell, & Deci. 1985). Consequently, we advise against the wholesale 
cat^orizatlon of extrinsic rewards as detrimental to the learning process in general, and 
intrinsic motivation to learn In particular. Rather, we suggest the need for careful 
consideration of the intent of the application of extrlnsk: rewards to this stage of the learning 
process, with great restraint advised in using incentives of this type to simply control 
ludent learning behaviors. 

c. D^sengc^^nentandReengc^ment 

Disengage mt refers to the point at which a student terminates his or her mvolvement with 
a task, v/hile reengagranent refers to a willingness to persl:^ or return to a task later (Condry 
& Chambeis. 1978). Dlsengagt;ment may occur under conditions of choice, wherein a 
student decides that he or she is willing to leave a task. Such situations are subsumed by 
mtrlnsic motivational contexts. We would exj^ct termination to occur when the questions 
leading to initial engagement with thp activity have been r<-soK^ed, a sense of mastery has 
been developed, one's curiosity has been sati£^ed, or other tasks or interests draw one away 
from the activity (Condiy & Chambers. 1978). The opposite of this learning situation is one 
in which some other party deckles when the demands associated with an activity have been 
met or its incentive value has been exhausted. 

While the requirements of mass education may seem to call for employing extrlnsically 
determined termination of involvement with particular learning activities (e.g., term paper 
deadlines, time limits on work In laboratory courses, exam dates), this is largety incons 
tent with requirements of intrinsically ortented learning. For example, in studies of n 
vation among children. (Condry & Chambers. 1978). Condry notes that when asked to w 
out problems without offering answers until they were certain of their soundne^.. 
signlflcantly more of thc»e in the extrinsic context guessed before they "logically had 
sufftelent infonnatlon.'' 

The largely behavioral literature on token economies argues convincingly that In the 
presence of valued forms of extrinsic rewarc, students can be Induced to engage In an 
activity to secure such rewards. However, research demonstrates that in the presence of 
such rewards subjects are much less likely to seek reengageraent in a given activity relative 
to those working under intrinsic reward conditions (Lepper, Greene. & Nlsbett. 1973). 
Replication of these findings involving substantial varlaUons in the nature of the conUn- 
gen(y Imposed, the tarr^et activity, and the rewards employed have substantiated these 
initial findings (Greene & Lepper. 1974; Lepper & Greene. 1975). Further, vartatlon in task 
performance does not confound these effects (cf.. Amablle. DeJong, & Lepper 1976; Deci & 
Ryan. 1985; Ross. 1975). We conclude that extrlnsically based learning situations suffer 
in attractiveness to students because they tend to emphasize the fact that the activity is 
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Simply a means to an extrinsic end {Lepper & Greene, 1978; McKeachie. 1986). and that 
the locus of causality for involvement with the task lies outside oneself (Deci. 1975: Ryan. 
Connell. &Decl. 1985). 

In an earlier section we indicated that the intrinsic motivation to learn was based on the 
propensity ctf humans to seek opttoial levels of stimulation and to move toward both the 
mastoy (k challenging situations and the reduction of uncertainty. Further, we suggested 
that sustaining an intrinsic motivation to learn also depends on a student's ability to ac- 
tively and sucwssfully engage in the learning process. Interacting with the properties of 
the individual are characterlstfcs of the Instmctional environment that together influence 
achievement. In the following ^Uon we will review some of the attribute of classroom 
environments supportive of Intrlnsk: motivation. 

cL Structural and Eualucitiue Omiponents of the Classroom 

While we caution against generalizing too quickly from the results of research examining 
developmentally di^imilar groups, Como and Rohrlrcmper's (1985) analysis of primary 
school classrooms does identify several influential environmental characteristics* They 
identify four genend dimensions of settings in whk^h academic training usually occurs. 
These dimensions will lx>th fester and impede the intrinsic motivation to learn. 

Task flexibility is link^ to learning options and academic goals that are expllcltty stated or 
implteitfy expressed in a particular lesson or task Higher levels (^flexibility tend to be more 
supportive of intrlnsk: motivation in such cases. As was discussed earlier, the reward 
structure of a course is an Important classroom attribute, with more informational forms 
of incentives tending to support intrinsic motivation and intrinsically motivated perform- 
ance. The fomi of etxduatUm emplpy«l is also important, with prtvatety rendered, relatively 
specific forms of feedback especi^Qfy effective (Como & Rohrkemper. 1985). McKeachle 
(1986) also notes that the calculus used to evaluate students has implications for their 
interpersonal relationships, witli "grading on the curve" often disrupting the development 
of cooperative and mutually sup{K}rtlve orientations to teaming among students. 

Finally, the timing and emphasis of feedback on performance ^ould be (1) frequent, 
immediate, contingent, and Informative tn terms of pinpointing the probable source of 
student errors, (2) encouraging, and (3) provided in a natural context that displays 
performance recognition by a source student respects (Como & Rorhkemi^r, 1985, p. 81; 
see also Brophy. 1981; McKeachle, 1986. Chaps. 8 and 9). Under such conditions argue 
these researchers, a sense of growing competence and self- worth tend to support intrinsic 
engagement with learning. 

In our view, a universally optimal conH^uration of assignments, exercises, lectures, and 
discussions for all subject areas do^ not exist. Whether an instructor is employing term 
papers, programmed learning, computers as instructional tools, audiovisual techniques, 
laboratoryteaching.orinstructionalgamra and simulations {McKeachle, 1986, Chaps. 10- 
17); the motivational principles for intrinsic motivation are the same. They continue to 
involve enhancing a student's sense of self determination as a result of engaging in activities 
(Ryan, Connell. & Decl. 1985). and supporting a student's pursuit of optimal levels uf 
academic stimulation. Teachere must weigh the familiarity of their students with these 
techniques, the set of aptitudes associated with a particular group of students, and tne 
resources they have at thelrdlsposal. in conjunction with these principles, while developing 
appropriate vehicles for teaching certain subjects (McKeachle, 1986; Como & Rohrkemper. 
1985). 

The Teacher as Focal Point and Model 

One of the most important forms of influence on a student*^ intrinsic motivation to learn 
in the classroom may simply be the instructor. Beyond determining the substantive content 
and organizational structure of the course, the instructor may embody those characteris- 
tics that help his or her students develop intrinsic appreciation for course material. 
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In their continuing study of the development of self-r^ulation skills among grade and high 
school students, Como and her colleagues (1983. 1985) indicate that the teacher who Is 
able to promote Intrinsically motivated engagement In learning does not simply display 
mastery of correct procedure. The Instructor must also develop and display the capacity 
to discuss dlfUcult aspects of task performance and indicate how they might be managed 
or overcome. In effect, a coping model of activity should be periodically presented along with 
suggestions of how studente can learn fn»n the task. McKeachie and his associates' 
( 1985a. 1985b) work on the development of a a)urse mtended to teach undergraduates at 
the University of Michigan how to learn more effectively. i»ints up the motivational 
imix)rtance of an instructor's efforts to go teyond simple presentation of infomiation. He 
or she must also learn to foster the development of general cognitive learning strategies that 
may be flexibly brought to bear on questions of importance in their discipline. 

Moreover, the lecturer's own attitudes and cnthusiaan may have an Important effect on 
students' intitoslc motivation to learn, McKeachie (19^) indicates that: 

Research on student ratings of teaching as well as on student teaming indicates that the 
enthusiasm of the lecturer Is an Important ff or In affecting stud^^nt learning and motivation. 
Not only is the lecturer a model in terms of motivation and curiosity, the lecturer also models 
ways of appn»chlng pnd)lems, portraying a scholar in action in ways that are difficult for other 
media or methods of instruction to achieve. In fact there Is some evidence suggesting th?t one 
of the advantages of live professors is the tenctency of people to model themselves after Inditrldu- 
als whom they perceive as iMng. breathing human beings with characteristics that can be 
admired and emulated, (p. 71) 

D. Interventions for Motivation 

Pn^rams designed to change students' motivational patterns often focus on the task or 
classroom context. For example. Hill and Wlgfleld (1984) describe a variety of ways that 
public school classrooms can be structured to reduce test anxiety, Covington and Beery 
(1976) have suggested that college classrooms organized In more cooperative ways can 
increase student motivation and lessen anxiety. 

In contrast to these context-based approaches, attrlbutional retraining prt^rams focus on 
individuals and their motivational patterns. This section concerns these programs that 
attempt to change students' motivational patterns by directly changing the student 
attrlbutional style. 

As Forsterilng { 1985) has pointed out. there are two basic pa.-adigms used in attrtbutional 
retraining. mlsattrlbuUon procedures and attrlbutional retraining procedures. Misattribu- 
tion programs address causal cognitions about internal states such as arousal, depression, 
and insomnia and follow from the Schacter and Singer (1962) two-factor theory of emotion 
amusal. These programs focus on the locus of the problem as beir^ either internal or 
external to the IndMdual. The basic strategy of these programs is to have the individual 
attribute the problem to something external rather than internal. For example, a program 
to help with insonmla would have the indhriduai attribute the problem to a pill or 
medication, rather than some aspect of the Individual's personality (Forsterling. 1985). 

In contrast, attrtbutional retraining models, based on the work ofBandura ( 1 982). Seligman 
(1975), and Welner (1979, 19865. do not make use of the arousal component and focus on 
causal cognitions about success and failure (Forstrrllng, 1985J. Suice many of these 
programs concentrate on students' success and failure in achievement situations rather 
than clinical problems, thess attrtbutional retraining programs are more relevant to student 
learning than mlsattrtbuUon programs, in addition, attrtbutional retraining programs 
work with all three dimensions of causai attributions (i.e.. Iwus. stability, and controlla- 
bility) not Just the locus dimension. Accordingly, we will focus on attrtbutional retraining 
pn^rams in ot r review. 

In his review of attrtbutional retraining programs. Forsterling (1985) concludes that these 
programs generally produce the desired cognitive and behavioral changes. The cognitive 
changes generally include having the individuals make attrtbutlons to lack of effort (an 
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tinstable. controllable, and Internal cause) for failure and high abUlty (a stable, uncontrol- 
lable, axid internal cause) or high dTort for success. The behavioral changes include 
Inorased persistence at dlfiktiU taskr and improved i^ifonnance. However, of the 16 
attnbutUmal retraining studio review by Forsterllng (1^5). oiify three of them concern 
actual academte achievement of college studente. Others (e.g.. Dweck 1975; Schunk. 1981. 
1983. 1984) used elementazy ^udents or tasks such as anagrams (e.g. . Andrews & Debus. 
1978). which have low epical validity. Consequently, it Is difficult to generalize from 
many oS these studies to the college environment. 

The three studies that did focus on college student achievement deserve further attention. 
Wilson and Unville ( 1 982 . 1 985) provide their freshman sub] ects urlth information that the 
causes of low grades in the fliBt year of college are unstable. Basically, they presented 
material (both written and videotaped) to their subjects that stated many students have 
problems adjusting to college the first year and that most students' grades increase in the 
sophomore year. Control subjects did iwt receive this Information. Their outcome 
measures were students' self-reiK)rts of attitudes, expectancies, and mood as well as their 
peiformance on some Items from the Graduate Record Exam (GKB). grade point average 
(CPA) ayear later, and dropout rate. Inboth studies (the tiiro 1985 studies were a replication 
of the 1982 study) the i^ults ^owed little change on the self-report measures, but 
significant improvement In GRE performance, increased CPA, and a lower dropout rate for 
their e}Q>erimental subjects. 

Although these rraults are encouraging, several caveats must be no^ed. First, across aU 
thrw studies, only 66 students from Duke University and the University of Vliglnla were 
Involved in the experimental treatment. This rather small number and sample selectivity 
raises a problem of external validity in terms of the sample's generallzability to other col- 
lege students. Second. It is nc^ clear that the attilbutloi^ aspect of the treatment can be 
linked to the iM>sltlve fc»eha\ioral outcomes sli^e the cc^nUlve ^If-report measures showed 
little change. There may be other factors (e.g.. coiuses taken, outside help received, etc.) 
that may more strongly related to the pc^itive results. Although students were randomly 
assigned to the experimental and control groups, this does not Insure that actual course 
selection or other aspects of college life were actually equivalent Block & Lanning (1984) 
showed that, in fact, randomization in this case did not result in equality of the samples. 
The treatment group had lower CPAs at the outset and their positive change might be due 
to regresslon-to-the-mean effects. Data on treatment fidelity (Cook & Campbell, 1978) 
would improve the causal inferences that can be made from these studies. 

More generally, attnbutional retraining programs that focus on student achievement and 
onty provide attributional information may be misleading and p<^ibly detrimental to the 
student in the long run (Blumenfeld. Pintrlch, Meece. & Wessels. 1982). For example, 
training students to attribute all failure to lack of effort may not be helpful if the student 
does not actually possess the skill needed to complete the task. In this case, the students 
could go on falling because they do not have the sldll, yet attribute it to lack of effort and 
keep on trying harder without securing the necessary help. The students really need 
instruction in the skill to complement the attributional retraining in this example. 
Accordingly, the focus of attributional retraining programs should not be on changing the 
general attributional style ^ the student but on helping the student make accurate 
attributions for iH,rformance. In cases where the student has the skill to do the task, yet 
does not believe it and won't attempt the task, then effort reattrlbutlon training would be 
indicated. In contrast, if the student does not have the skill, attribution retraining programs 
need to help the student realize this and seek the proper assistance. In this latter case, an 
important component of the attributional retaining program is helping the student see that 
academic performance in college is made up of many skills, most of which are leamable. 
This change frcan attributing academic performance to a given trait of ability to a leamable 
skill would be useful to many students. 

E. Assessment 

Assessing motivational patterns of students has been a longstanding problem In instruc- 
tional psychology. In general, there have been three methods used: self-report, observa- 
tion, and projective techniques. Projective techniques (e.g., the Thematic Apperception 
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Test, cr TAT) were u«d by many of the early motivational researchers {e.g., Atkinson, 
McClelland) to measure students' motives far achievement, power, or aiiliiation. Th^e 
techniques involved presetiting students with pk:tures and asking than to Interpret the 
portnQ^ situation (e.g., two people in a wotk setting]. The individuals* responses were 
anai>'zed and scored according to an elaborate ccxling scheme designed to classify the open* 
ended responses. These projective measures were similar to other projective measures 
such as the Rorshach used by clinical psychologists in that they vrore supposed to provide 
the researcher with a measure of the individuals* motive (both conscious and uncon- 
scious). ThCTe are many difficulties wltli these projective measures (cf. Weiner, 1980a) and 
most motivational researchers now use self-report measure. 

Behavioral measures have often b^n used in experimental studies of motivation. For 
example, researchers investigating the effects of reward on intrinsic motivaUon {e.g. , Lepper 
& Green* 1975) often use the students choice of an activity as a measure of motivation. In 
a typical experiment students are provided with a variety o£ activities to choose from and 
observers code their choice of and penitence in activities. Other researchers (e.g. , Feather, 
1961) also have examined indents* i^rsistence as a measure of motivation* These 
behavioral measure can be usd^ul indicators of students* motivation, but the use of 
observers Is expensive and time consuming. In addition^ th^ behavioral measures do not 
n^sure the cognitive asp^ts indents engage in certain behaviors. 

Sclf-reix)it measure, although they have problems (e.g., Nlsbett & Wilson, 1977). can be 
u^ to tap students' perceive reasons for their l^havior as well as their interests, values, 
expectancies, and perceptions of ccmii^tence. Sunrey research^ have long relied on self- 
report measures and most motivatioxial researchers today also use self-report measures. 
There are two general types of self-report methodolc^les: interviews and que^lonnalres. 
Interview methONds are us^ to collect more in-depth information from students but can be 
expensive and time consuming. Self-report questionnaires art the most commonly used 
measures of motivation. 

There are standardized measures of motivational constructs* such as self-coiKept and 
irtrlnsk! motivation, as well as imique r^uestlonnalres developed by individual researchers 
to nxeasure motivational con^ructs of Interest to them. There are too many instruments 
to re rie^- here but in our research pn^ram we will be adapting various questionnaires used 
by cUlTerent motivational researchers. For example. Harter (1981) has developed an 
Intrinsic motivation scale that we will adapt for our research. 

Five Intrinsic motivation factors, represented by five mu^ti-ltem sub»:ales were developed 
by Harter { 1 98 1). They include: ( 1) laming motivated by curiosity versus learning in onler 
to please the teacher* (2) Incentive to work for one's own satisfaction versus working to 
please the teacher and get gocKi grades, (3) preference for challenging work versus 
preference lor easy work, (4) de^rc to work independently versus dependence ontheteacher 
for help, and (5) internal crltala for success or failure versus external criteria. Future 
piloting and testing ctf our measures of these items will help determine which of t hcse factors 
are useful in assessing the motivational orientations to learning among college students. 

A number of noteworthy problems may artee in the straightforward application of this 
instrument to college populations. For example, Deci (1975) and others have noted that as 
the most basic of non-drtve based motivators, intrinsic motivation is dillerentlated into a 
number (rfmore distinctive orientations as humans develop and are differentially socialized 
by their environments. Consequently, it may Income difficult, among young adults, to 
identify simple distinctions between intrinsic and exirinsic orientations to learning that are 
naressarily indicative of functional and disfunctional orientations to learning (particularly 
across all learning situations). 

A second, related issue concerns the possibility of the introduction of social desirability 
biases Into the measurement of constructs like independence, challenge, mastery, and 
independent Judgment in a culture that strongly favors these attributes among young 
adults. Part this problem may be obviated by employing Harter s { 198 1) scaling method 
for assessing intrinsic motivation. However, this issue desenres careful consideration. 
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A third Issue is aligned with the developmental dlfiereiKes between children and young 
adults, and what we might think of as changes in optimal mixes of i^sponsiveness to 
internal and external incentives in diiferent age gn>u]». White we suggest that an intrinsic 
orientation to learning is discernible in all age groups, there may be compelling reasons to 
be responsive to extendi incentives among older age groups as they are confronted with 
adjustment to adult roles in relatively complex or competitive environments (e.g., the 
pursuit of course-grades that will make possible adm^ion to top graduate training 
pn^rams). 

This should not be interpxeted as an argument for the ncce^lty or desireabllity of a 
primarily extrinsic orientation to learning among older age groups (^students. Rather, it 
is simply a call for careful consideration of the possibility that the optimal configuration of 
intrinsic and extrinsic motivational orientations m^ change SOTiewhat with the develop- 
mental challenges people are faced with at different points m their lives. Consequently, our 
assessnent of its form and ftmctlon should reflect these age-related changes. 

Our measures of other motivational constructs also will take th^ issu» into considera- 
tioa We wlU be adapting questions used by Ecd^ ( 1983) and her colleagues at Michigan 
to examine Junior and senior high school students' motivational patterns. We will be 
adapting their task value and expectancy items to the college context, taking care to 
represent the underlying constructs in an ecologically valid manner. Through the 
construction and piloting of scal^ based on these iten», we hope to develop a useful 
motivational instrument for use by faculty and higher education researchers. 
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V, Instructional Methods 

As noted in earlier review on r^earch on teaching (McKeachle. 1986)« most research on 
teaching has used as the primary outcome measure, scores on a teacher-made final 
examination measuring simple knowledge and understanding. All in all, the results suggest 
*hat differences In teaching make little dlQerence In examination scores. Large and small 
Masses* lectures and discussions, and other comparisons of teaching methods show few 
significant and consistent differences. The coiKluslon that teaching doesnt make a 
dlfTerence is, however, erroneous* Teaching does make a dilTerence In achieving more 
Important long-n^nge goals* Even for knowledge outcomes, the null hypothesis should not 
be taken zzz conclusion. The problem Is that final examinations are not very go«i criteria 
of differential effects of teaching for a numl^r of reasons: 

1 . Final examinations are primarily based on textbook material* Thus they are not likely 
to be good measures of learning in dassr<Kjm or other non- textbook learning activities. 

2. Motivation for grades is so great that students try to compensate for ineffective 
teaching by increased effort. When this motivation is coupled with a criterion measure 
based on a textbook that the student can study regardless of the teaching method 
used, the result is a washing out of teaching-piwiuced differences in learning. 

3. In comparing different meth(xls of teaching one would like to sample adequately all of 
the learning produced by either method of teaching, but to assign grades fairly 
teachers typically construct the final examination only on materials taught in cwnmon 
by the methods compared* Thus comparison of a modular, self-pac^ course with a 
standard lecture course may assess only that content contained in the modules that 
is also In the standard course. Material in the lectures is typically not included in the 
examination since it vrould be unfair to students who did not attend the lectures; 
simllar^yr any material in the modules not included in the standard course will be 
excluded from the exam. 

Despite the weakness of final examinations as criterion measures, we have learned a good 
deal about what makes for effective teaching. Because degree of structure is an Important 
dimension intemcting with student characteristics, we use as one characterization of each 
method its typical degree of structure as compared with othermethods. Generally speaking 
explicit organization of content is a go<xi thing {KaUlson, 1986) for learning subject matter 
content, but as we shall see, a high degree of organization or stmcture is not effective for 
higher level goals or for students with good background and ability. 

A. Peer Learning and Teaching 

The best answer to the question, 'IVhat is the most effective method of teaching?,** is that 
it depends on the goal, the student, the content, and the teacher. But the next best answer 
is, ^Students teaching other students." There is a wealth of evidence that peer teaching is 
extremely effective for a wide range of goals, content, and students of different levels and 
personalities {Johnson & Johnson, 1975; Johnson, Maruyama, Johnson, Nelson, & Skon 
1981). 

In experiments in educational psycholc^ and general psychology, Gruber and Weitman 
(1962) found that students taught in small discussion groups without a teacher not only 
did at least as well on a final examination as students who heard the teach^ lecture, but 
they were also superior in curiosity (as measured by question-asking behavior) and in 
interest In educational psychology. The discussion students reported a larger number of 
readings during the term, whereas the lecture students reported more attempts at applying 
their learning. In an experiment in a physical optics course, the lecture students were 
superior to student-led discussion students on a test of facts and simple problems but 
Inferior on a test containing complex problems and learning new material. The superiority 
of student-led discussions was particularly marked for students below the median in 
ability. Romlg (1972) and Beach {I960, 1968) report similar results in English and 
psychology clas«s. 
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Webb and Grlb (1967) reported six studies in which student-led discussions were compared 
with Instructor-led discussions or lectures. Slgniferant differences In achievement tests 
favored the student-led discussions. Both students and instructors reported that the 
studoit-Ied discussUms Increased studoit moti^^tlmi; and ^udents who had been exposed 
to student-led discussions tended to favor them over Instructor-led discussions as a 
supplement to lectures. Webb and Grlb note that students report that the sense of freedom 
to ask qucstUms and express their own opinions is a major advantage of the student-led 
discussions. This may explain Gruber and Weitman's (1962) finding that the poorer 
students bmefited nK>st from the student-ted discu^ons. It makes theoretical sense th at 
this opiMstunlty to expose iiuiivldual conceptions smd misconceptions and comi»xe ideas 
with those of others shoidd contribute to learning if the group contains sufilcient resources 
d* knowledge and higher tevel thinking to explain things in ways that help the less 
knowledgeable students mtructure their tmder^anding. A ^udent-led group would most 
likply not be effective In areas in which students simpty reinforced each other's biases. 

"Pay to be a tutor, not to be tutored" is the message from studies of peer tutoring. For 
example. Annis (1983) com. red learning under five conditions: 

1. Students read a textbook passage. 

2. Students read the passage and were taught by a peer. 

3. Students did not read the passage but were taught by a peer. 

4. Students read the passage and prepared to teach it to other students. 

5. Students read the passage and taught it to aiK>ther student. 

The results demonstrated that teaching resulted in better learning than being taught. A 
similar stu(V ^ Basg^ and Schul (1980) also found positive results, with the largest part 
the gain in retention belx^ attributable to deeper stuc^ytng of materia] when preparing to 
teach. These re^ihsftt well with ccmteiniKnraiy theories of tearningarul memory. Prepar- 
ing to teach and teaching tnvc^ active thought about the material, analysis and selection 
of main ideas, and processing the concepts into oik's own thoughts and words. 

Looting at j^er ter.ching with respect to our structure dimex^lon. we would place peer 
teaching methods toward the unstructured end of the scale. Nonetheless, peer teaching 
meth<xls vary substantially in degree of structure and the Learning Cell which we next 
describe, is one of the more highly structured i^r teaching methods. 

1. T<c«mlng in Palis; The Learning Cell 

While instructors sometimes ^sume that the ideal learning situation would be one where 
students might work individually, at their own pace, with their own equipment, and with 
individual help, the common inractice in laboratory instructton of having students work in 
pairs has good «ltK»ttonal Justlikation as well as the economic one of saving equipment. 
At the Third International Conference on Improving University Teaching (1977), both 
Fukuda of Japan and l^on of England (oral commimlcations) reported that in computer- 
ized instruction students learned more effectively when two students shared a computer 
terminal rather than when they used separate termlnala This fits with other research and 
expertencc showing that worldng and studying in pairs can facilitate student learning. 

One of the best-developed systems for helping pairs of students leam more effectively is the 
"Learning Cell" developed by Marcel Goldschmid of the Swiss Federal Institute of Technol- 
ogy in Lausanne (Goldschmid, 1971). The learning cell, or student dyad, refers to a 
cooperative form of learning in pairs, in which students alternate asking and answering 
questions on commonly read materials. 

1. To prepare for the learning cell, students read an assignment and write questions 
dealing with the major points raised in the reading proj^r or other related material.'! 

2. At the begliming c^each class meeting, students are randomly assigned to pairs and 
one partner. A. begins by asking the first quesUon. 
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3. After having answered and perhaj^ having been coirected or given additional Informa- 
tion, the second student, B, puts a question to A, and so on. 

4. During this time, the instructor goes from dyad to d)rad, gMng feedback and asking 
and answering questions. 

A vajlatlon of this procedure has each student read (or prepare) different materials. In this 
case, A teaches" B the essentials of his or her readings, then asks B prepared questions, 
whereuiKHi they switch roles. 

The effectiveness of the learning cdl methcxl was first explored in a large (250 students) 
p^rchology course (Gddschmld, 1970) where four learning options were compared: 
seminar, discussion^ independent study (essay), and leamli^ cell. Students in the 
leamlng-cell option performed ^gnlflcantfy better on an unannounced examination and 
rated their ongoing learning experience sl^iUkantly higher. A more extensive Held test in 
a number of other disciplines at the university level (Goldschmld & Shore, 1974) demon- 
strated the learning cell's effectiv^e^ regardless of the size of the class, its level, or the 
nature of the subject matter. A third Investigation evaluated the learning cell across three 
age groups (SchlnnerhonOp Goldschmld, & ^ore, 1975), Fifth- and ninth-grade pupils as 
well as university students studied probability at their respective Intellectual levels for two 
class periods using the learning cell. All age groups showed significant learning after 
reading and formulating questions and after the discussions between partners 
(Goldschmld, 1975). 

Learning c^Us work better for some students than others. Leith (1974a) found that 
introverts did about as well studsrlng alone as in learning cells; extroverts did better in 
learning cells If their partners were al^ extroverts. A learning cell composed of an extrovert 
paired with an Introvert was ru>xnore effective than individual leani^ In summary, learn- 
ing cells Increase learning for some students and do not hurt the learning of any students. 

Why does peer learning work? One reason might that the lea l^g cell has both 
motivational and cognitive assets, Motlvatlonally the method has the advantages of 
Interaction with a pea:— an opportunity for mutual suppK)rt and stimulation. (One piece of 
evidence for the motivational value of pe^ learning (Schomberg, 1986) is that it reduces 
absenteeism. ) Cc^nltively it provides an opportunity for elaboration— putting material into 
one*s own words— and for stimulating students to look for main points and Tor monitoring 
their own learning. 

The task of the succesd'ul student in peer learning is to question, explain, express opinions, 
admit confu^on, and reveal misconception, but at the same time the student must listen 
to peers, respond to their qu^tlons, question their opinions, and share information or 
concepts that will clear up their confusion. Accompll^lng these tasks requires interper- 
sonal as well as cc^nltiw skills— being able to give feedback in non-threatening, supportive 
ways, maintaining a focus on group goals, developing orderly task-oriented procedures, and 
developing and sustaining mutual task. It is little wonder that peer learning sometimes 
fails: the wonder is that it so frequently works. 

2, Student Centered Teachii^ 

Many different teaching methods are described by the labels "student-centered," "nondirec- 
tive/ -group-centered," or "democratic" discussion. Proponents of these various methods 
have had in common the desire to break away from the traditional instmctor-dominated 
classroom and to eiK:ourage greater student participation and resjwnsibiUty. Table 4 lists 
some of the ways in which student-centered methods differ from the traditional "instructor- 
centered" class. 

Student-centered classes also give greater attention to effective aspects of classroom 
Interaction. Marm et aL (1970) considered classnx)m Interactions as involving both 
cognitive and affective elements. The primary of classroom activities lOcus is cognitive, but 
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TABLE 4 

DbnmsloM upon Whteh StudOTK^mt^red and tnsmictw-Canlafad Methods May IMflfir 



«^«TFWCTW-C£NTi«D 



Determirad by group (Faur, 1949) 
EmpNisis i^fon affective ax\d attitiKlmd changes 
(Faw, 1949) 

Attempts Id ctoveiq) groi^ c^>esivef^ss (Bovard. 
19S1a, 19S1b) 



Deiwmined by insirwlor 
Emphasis upon ^letectual changes 

No atten^t to dev^op group ocdresivfaness 



Mud) stuctem p^tdpatbn (Faw, 1949) 
Stutdent-student interaction (McKe^», 1951) 
InslnMrior aooepte ^roneaus or irretovanf stiK^l 
oon&t)utiora (Faw, 1949) 
Gna^ cte^tes ito own a^vifes (McKracnte, 1951) 
Discussion of sH^lems* perstmal experier^s enocn^aged 

(Few, 1949) 
De-«i^tfkisis<rfl9st8^gnEKtos (Asdi, 1^1) 
^udants shm ra^>on8itri8ty fc^ ev^mtkm (Astmus md 

Ha^ 1952) 

In^i^ ff^af]^^ facings ^ Meas of nwrrt)^ 

when necessary for ^ss progress (AMfrod, 1955) 
FWa^ion n^)on8 (Asch, 1951) 



MiKh insfrudof pai^pati<Mi 
Insin^sK-slud^ int^i^tion 
lnstni<^ c or recte, critidges, or rejects erro- 
neouB or inetovam s&jdenr comributions 
tnstru^ delBfYmnes activity 
Dmcusston kept on ocnirse m^eruds 

TracMonal use oi ^ts and gr^s 
instfvcioi ev3kial98 

tni^riMc^ avoifte if^erpratation of feeKngs 
No neacim reports 



Sotffoe: TBaMtg T^, (hteKeachie, 1986. p. 47) 



at times progress on cognitive work is Impeded by underlying affective Interactions, In their 
book. The College Classnx^ Mann and his collaborators present a detailed analysis of the 
affective elements of student and tefiCher interactions in four classes. 

The advocates of student-c^itered or group-centered teaching also introduced another 
cat^ory of objectives* not usually considered in traditional cla^s- the goal of developing 
skills in group meml^rshlp and leadership. The group-centered teacher might argue that 
even if group-<^ntered teaching were no more effective than traditional methods in 
achieving the usual course ol^ectives. it is so imfwrtant that students leani to work 
effectively in groups that It may even be vmrth sacrificing some other objectives to promote 
this kind of growth, 

Ftxoti the standpoint of theory, student-centered teaching in its more extreme forms might 
be expected to have some serious weaknesses, at least in achieving lower-level cognitive 
goals. With the instmctor giving little information, feedback, or structure, it is apparent 
that a heavy bunlen falls on the group membere to carry out any of these functions. Thus 
their task, as in peer learning, goes beyond content learning to Interpersonal, leadership, 
and group-membership skills. 

This may be related to the fact that some r^earchers report student enthusiasm for 
student-centered teaching while others rejKJrt hostility. Since teachers sometimes become 
frustrated by the failure of the class to assume responsibilities, they may reach the end <rf 
their patience and take an authoritarian role (e.g., see Maim et al.. 1970). Horwltz (1958) 
found that aggression toward the teacher incre^ed when the teacher exereis^ authority 
arbitrarily: for example, when the teacher refused to abide by the studoits* decision about 
teaching methods after telling them that their vote would count. The same method was not 
resented when the Instructors indicated that they would make the final decision. 

Since student-centered teachers often str^ group cohesiveness, a possible explanation for 
the contradictoiy results in some experiments may be found In the studies of group 
cohesiveness and productivity in industry (e.g.. Seashore, 1954). These studies indicate 
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that it is not safe to assume that a cohesive group wlU be a productive one. Cohesive groups 
are effective in maintaining group standards, but may set either high or low standards of 
productivity. Since more cohesive groups feel less threatened by management than less 
cohesive groups. It may be difficult to change their standards. Thus, in creating 'groupy" 
classes Instructors m^ sometimes be helping their students develop strength to set low 
standards of achievement and maintain them agaii^t instructor pressures, or at least to 
develop group goals different from their normal academic goals. 

Whfle scores on obJccUve final examlnaUons seem to be little affected by teaching method, 
student-centered methods were superior in student adjustment as reported by Asch (1951). 
Faw (1949). and Zeleny (1940). Classes compared by Bovaid (1951a, 195lb) and 
McKeachie ( 1 954) differed in the degree to which interaction between students was encour- 
aged and in the degree to which the class made decisions about assignments, examinations, 
and other matters of classroom procedures. Like other experimenters, Bovaxd and 
McKeachie found that the groups did not differ In achievement as measured by the final 
examination. However, two clinical psychologists evaluated recordings of the class discus- 
sions that followed the showing of the film, "The Feeling of RejecUon." Both cllntelans 
reported that the "group-centered" dass showed much more Insight and understanding of 
the probleir*s of the giri in the film. Slmllariy, Wieder (1954) found that nondlrecUvely 
taught psychology classes tended to produce more reduction In prejudice that conventional 
classes. Uke Bovard and McKeachie. Andrews (1969) encouraged self-revelation and 
perK)nal invohrement In a freshman writing course. His results were also p<»itlve with 
resj^ct to a variety of student self-report measures. 

Patton (1955) felt that an important variable in group-centered classes was the students' 
acceptaiKe of responsibility for learning. He compared traditional classes to two classes in 
which there were no examinations, no lectures, and no assigned readings. Students In the 
experimental classes decided what reading they would do. what class procedures would be 
used, what they would hand in, and how they would be graded, so that they had even r:ore 
power than had previous experimental groups. At the end of the course, these classes, as 
compared with the control group, (1) felt the course was more valuable, (2) showed greater 
Interest In psychol<^, and (3) tended to give more dynamic, motivational analyses of a 
problem of behavior. 

But giving students power cant work if students will not accept responsibility: so Patton 
also obtained individual measures of acceptance of responsibility within the experimental 
classes. As hypothesized, he found that the degree to which the student accepted 
responsibility was positively correlated with gain in psychological knowledge, gain in ability 
to apply psychology, interest in it, and rating of the value of the course. 
Glbb and Gibb (1952) reported that students who were taught by their "participative-action" 
method were slgnlffcantly superior in role flexibility and self-insight to students taught by 
tradiUonal lecture-discussion methods. In the particlpatlve-acUon method class. actlviUes 
centered on "sub-grouping methods designed to increase effective group participation." The 
instructor, who played a constantly diminishing role in the decisions and activities of the 
group, gave training In role playliig, group goal setting, problem centering, distributive 
leadership, evaluation of individual peiformance by intragroup ratings, process observing 
and group selection, and evaluation and revision of dass activities. 

Gibb and Gibb also provide support for the assumption that group-centered teaching can 
facilitate development of group membership skills. They found that in nonclassroom 
groups the particIpaUve-action students were rated higher than other students in leader- 
ship. Ukeableness, and group membership skills. DI Vesta's ( 1954). results tend to support 
this conclusion, and Anderson and Kelly (1954) report that members of student-centered 
groups are characterized by positive attitudes toward themselves as participants. 

Another bit of support for less directive teaching is Thlstlethwalte's (1959) finding that there 
Is a significant negative correlation between a college's productivity of Ph.D.s In natural 
science and the directiveness of teaching methods used. His finding (1960. p. 67) of a 
positive correlation between National Merit Scholars' desire to learn and the flexibility and 
permissiveness of their teachers lends additional support to student-centered teaching. 
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In one (tf our own studies (McKeachle. Uiu MofTett. & Daugherty. 1978), instructors whose 
students did best on achlev«nent tests of critical thlnkli^ (with intelligence controlled) 
tended to be d^cilbed as follows: "H^ listened attentively to what class members had to 
say." "He was friendly." "He was pc;nnis^>% and flex&le." "He explained the reason for 
criticism." "Things are explaii^ clearly." "He is ddllful in obseivixi,^ student reactions." 
Both the Hiistle&waite results aiHl these results support the value of student-centered 
teaching fear nu^ivatlon and cittlcal thinking. 

The results of the spate of research on student-centered teaching meth(Kls support the 
theory with which this discussltm began. We had suggested that student-centered teaching 
might be ineffective in achieving lower-order cognitive objectives. There seem to be few 
instances of siich a lo». Students apparently can get information from textb(K}ks as well 
as from the instructo'. But we also predicted that any suj^ority of student-centered 
discussion nKthods would be revealed in higher-level outcomes. As Table 5 indicates, 
differences in ability to apply concepts, in attitudes, in motivation, or in group membership 
skills have t^en fouxul in compariscms of discussion clasps emphas^lng freer student 
paitidpatioxi with class^ involving greater instructor dominance. The differences favored 
student-centered methods. 

B. The Case Method 

One of the paradoxes of peer learning and student-centered approaches is that if the teacher 
is effective, the indent may not recognise the teacher's eJCfectiveness, Ideally the student- 
centernl teacher creates a leamlx^ situation m which stu J'^nts develop stronger mtrinsic 
motivation for learning and take greater control of their own learning activities. Students 
and teachers alike are all t(M> prone to think o£ the effective teacher as one who lecture 
brilliantly and provides a clear structure of assignments and course content. Thus the 
studoit-centered teacher tak^ the risk that students will attribute lack of success to lack 
d'good teaching and attribute success to their own motivation and skills. 

Tlie case method is widely used in business and law courses and is frequently incorporated 
for one or more class ^ssions in other disciplines. General^ case methcd discussions 
produce good student involvement. Case meth(xis, like games and simulations, are 
intended to develop ^udent ability to solve problems using knowledge, concepts, and skills 
relevant to a course. The students are also expected to be motivated by the case to learn 
from readings, lectures, or other resources. The case method, like other discussion 
methods, falls toward the tmstructured end of our continuum of methods. 

The teacher's role in the case methc^i is primarily to facUitate discussion- questioning, 
listening, chaUertglng, enojuraglng analysis and problem solving, and proiKKii^ hypotheti- 
cal situations to test the validity of generalizations. The student's task Involves analysis of 
the case, distinguishing relevant from irrelevant details, and arriving at reasonable 
hypotheses or conclusions. 

Typlcalty the case method involves a series of cases, but in some case method courses the 
cas^ are not well chosen to represent properly sequenced levels of difficulty. Oflen. to make 
cases realistic, so many detalte are included that beginning students lose the principles or 
points the case was intended to demonstrate. As in classic studies of dlscriminaUon 
learning to the laboratory, teachers attempting to help students learn complex discrimina- 
tions and principles of problem solving need to chcK>se initial cases to which the differences 
are clear and extreme l^ore moving to more subtle, complex cases. Typically, one of the 
goals of the case method is to teach students to select important factors from a tangle of less 
important on^ that may, nevertheless, form a context to be considered. One does not learn 
such skills by being to perxMlual confusion but rather by succe^ to solving more and more 
dlflkult problems. For a more detailed exposiUon see Hunt (1951) and Maier (1971). 

Watson (1975) compared classes taught by the case method with a class taught by the 
lecture methcxl. Students to one of the tAvo case study classes scored better to knowledge 
and understanding than the lecture class. The other case study class and the lecture class 
were roughly equal. Both case stucfy classes were superior to the lecture to ability to apply 
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concepts. In view of the continuing popularity of the case method, it is surprising that so 
little research has bt en done on Its effectiveness. 

Cases, simulations, and games involve getting, recalling, and using information to solve 
problems. This Invohres the kind of restructuring that should be likely to result in better 
retention, recall, and use of learning outside the classroom. 

C. Lectures 



Both students and faculty are likely to perceive the student's task in lectures as simply that 
of understanding and retaining the knowledge presented by the lecturer. In fact, however, 
good students do much more. They analyze the content of the lecture, seeking organiza- 
tional cues, tooklng for key concepts, and attempting to follow the instructor's mode of 
thinking. Typically students take notes, both as a method of providing an external memory 
and as a device for maintaining attention and active thought during lectures. In general, 
lectures hold down the structured end of the scale ranging from unsti-uctured to structured 
teaching methods. 
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Hartky has reviewed research on student note taking and Onds support for the value of note 
taking. <X 39 studies of note taJdng during lectures. 2 1 found that note taking helped 
learning. 3 found negative effects, and 15 not find ^atistically signifkant differences 
(Hartley. 1^: Hartley & Davies, 1978). As nU^t be expected, note taking is ineifectlve 
when the notes are inaccurate and disorganized. Vext>atlm notes are a]»> likely to be 
unhelpful. Moreover, attempting to take notes on complex, difficult material overioads the 
students' o^nitlve capacity so that they miss much of the lecture. 

A large numl^ of studies have compared the effei^tvene^ of lectures with other teaching 
methods. Table 6 shows that when measures of knowledge are used, the lecture proves to 
be as efficient as other methods. However, in those experlmoits involving measures of 
retention of infomiatlon after the end of a course, measure of tranter of knowl^e to new 
situations, or meastues of problem solving, thinking, attitude change, or motivation for 
further learning, the results tend to show differences favoring discusston methods over 
lecture. 

D. Class Size 

The question of class size was probably the ik^t problem of college teaching approached by 
research. Are small classes realty more effective for teaching than large classes? The 
professor's answer has generally iM^en "Yes." But the refreshing empirtoism of the 192(^ 
looked hard at many "self-evident truths" about human behavior; arnong them was the as- 
sumption that class size had something to do with educational effectiveness. Large classes 
are likely to be more highly structured and teachers of large classes are likely to spend more 
time lecturing as compared with anall classes. 

Among the first inve^lgators were Edmondson and Mulder (1924). who compared the 
performance of students enrolled In a 109-student class with students enrolled in a 43- 
student class of the same course in education. Achievement of the two groups was 
approximately equal, with a sli^t ^Ige for the small class on an essay and the mid-semester 
tests, and for the large class on quizzes and the final examination. Students reported a 
proferezx:e for small classes. Mueller (1924) compared classes 20 and 40 students and 
found butter results on a final examination for the smaller class. 

The E^dmondson and Mulder results encouraged the Committee of Research at the 
University of Minnesota to begin a classic serl^ studies of class size. In 59 experiments, 
which Involved such widely varying subjects as psychology, phystes, accounting, law, and 
education, the results of 46 favored the large classes (Hudelson. 1928). 

Support for small classes, hov^^ver, came from studies ii^ the teadiing of French conducted 
byChcydleur(l945)atthe University ofWlsconsln between I919and 1943. With hundreds 
of classes ran^lig In size fr(»n 9 to 33. Cheydleur found a consistent superiority on objective 
departmental examinations for the smaller classes. 

Post-World War n experiments are also favorable to snail classes. Nachman and 
Opochinsky (1958) found a small class to be superior to a lai^e one on surprise quizzes, but 
the two classes were not significantly different on the final examination for which students 
prepared. Differences were also revealed in the more subtle and persisting results oi' 
Feldhusen's (1963) study showing that a small class in educational psychology produced 
more change in attitudes toward teaching than a large class did. 

The Macomber ind Slegel experiments at Miami University (1957a, 1957b, 1960) are 
particular^ important because their measures included, tn addition to conventional 
achievement tests, measures of critical thinking and problem solving, scales measuring 
stereotypic attitudes, and tests student attitudes toward instructloa Statistically 
significant differences favored the smaller classes (particularly for high ability students), 
^^en retention of knowledge was measured one to two years after completion of the 
courses, small differences favored the smaller classes In eight of the nine courses compared 
(Siegel. Adams, & Macomber, 1960). 
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Few instnictois are satisfied wltli the achievement of knowledge If it is not remembered, if 
the students are unable to ust it In solving problems where the knowledge Is relevant, or 
if the students fail to relate the knowledge to relevant attitudes. If one takes these more basic 
outcomes of retention, problem solving, and attitude differentiation as criteria of learning, 
the weight of the evidence clearly favors snuill classes. 

How can we accoimt for these results? Let us briefly return to theoiy . Insofar as infonnatlon 
communication is a one way process, size of group should be limited onfy by the audibility 
of the lecturer's voice. In fact, as Hudel^n suggests, a large class may have sufficient 
motivational value for instructors to cause them to spend more time In preparation of their 
lectures, re ilting, one would hope. In better teachinjg and in greater student achievement. 

But usually we have goals going beyond communication of knowledge. If educators are to 
make wise decisions about whm and where sanall classes are most Iniportant. we need to 
analyze more carefully the changes in educationally relevant variables associated with 
changes in size. One lead comes from social p^chologists Thomas and Fink (1963) who 
reviewed research on face-to-face groui»— not only classroom groups, but laboratory, 
busing, and other groups also. They sugge!;t that two types of input Increase with 
increasing group size— resource input (skills, knowledge. &nd so on) and demand input 
(needt). It is clear that the larger the number of group members, the greater the likeUhotxl 
that some members will have needed resources of knowledge, intelligence, or other skills 
needed for the educational purposes of the group. However, since there is often a limited 
amount of releixint knowledge and skills, beyond some point additional students contribute 
little that Is not already part of the group's resources of knowledge. A group's utilization 
of resources is constrained by the simple facts that. ( 1) in large groups a smaller proixsrtion 
of group members can parttolpate orally, and (2) the larger the group, the 1^ likely It is that 
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a given person will feel free to volunteer. Because active thinking is so important to learrilng 
and retention of learning, constraints on oral participation are likefy not only to induce 
passivity but also to be educationally harmful 

E. Independent Study 

with the support of the Fimd for Advancement of Education, a number of colleges 
experimented with large prt^rams of Independent study. As wlUi other comparisons of 
teaching methods, few large differences were found between achtevonent of students 
working IndepexKlently and th(»e taught in conventional classes. Moreover, the expected 
gains In independexK:e also often Hailed to materialize. Students taught by independent 
study did not always develop greater ablUty or motivation for leaning independent^. 
Nevertheless, a number encouraging results emerged. 

1. Small Group Indepeiident Stuity 

A numbo- of the studies (tf Independent study exemplify the ^lengths of peer learning 
discussed earlier. One of the txu^t comprehensive rese^pch programs on independent study 
was carried out by Antioch CoUege (Churchill. 1957; Churchill & Baskm. 1958). The 
Antioch experiment involved courses in htmianitles, social science, and science. Periods 
ctf indej^i^ent study were varied, and a serious attonpt was made not only to measure 
cognitive and affecth^ achievement, but also to evaluate the efifect Independent study on 
"learning resourcefulness.' As m most experiments on teaching methods, the predominant 
rraults were'no si^iifk»nt dlfTerence.' Anexcepticmto thismayl^ fotmd in various indices 
df students' satisfaction in n^h Mveral significant differences favored lecture-discussion 
over Independent study and especially over indei^ndent smaH groups. 

Much more favorable results on indej^dent ^udy were obtained in the experiments 
carried out at the University of Colorado by Grubcr and Weltman (I960). In a course in 
freshman English in which the group met only about 90 parent of the regularly scheduled 
hours and had little formal training In grammar, the self-directed study group was signifi- 
cantly superior to control groups on a test of grammar. In a course in physical optics, groups 
of students who attended class without the in^ructor, but were free to consult him. learned 
fewer facts and simple applications, but were superior to stud jnts in conventional classes 
in difBcult applications and learning new material. Moreover. Uie areas of superiority were 
malr^alned in a retest thrre months later when the tUfferenct in factual knowledge had 
disappeared. In educational psychology an experimental class of five or six students 
without the instructor was equal to a conventloriial three-lecture-a-week class in mastery 
of content, and it tended to \x superKar on measures of curiosity. 

2. Variations in Amoimt of Clasaro a 1 me 



Independent study exi^riments haw varied greaOy in the amount of assistance given 
students and In the patterning uf ii^rjctlonal vs. indei^ndent periods. For example, 
merely excusing students from attending class is one method of stimulating independent 
study. The results of such a procedure are not uniform but suggest that classroom 
experleiKe is not essential for learning. However, different kinds of learning may take place 
out of class than in class. 




The e-rpcrLiient reported by McKeachie, Forrin. Un, andTeevan (1960) inwhred a fairly high 
de" ee of studeTit-lnstructor contact. In this experiment students normally met with the 
Instructor in small groups v/etl^ or biweekly, but students were free to consult the 
Instrti -toi «^henever they wished. The results of the e3q)eriment sugges': that the "tutorial" 
students did not leam as much frcan the textbook as students tau^t in conventional 
lecture periods and discu^on sections meeting four Uines a week, but they did develop 
stronger motivation both for course work and for contmueo leariilng after the course. This 
was indicated not only by responses to a questiormalre administered at the end of the 
course, but also by the number of advanced psycholc^r courses later elected. 

The results of the studies in a child devetopment course by Parsons (1957) and Parsons, 
Ketcham, and Beach (1958) were, in a sense, more favorable to independent study. In the 
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latter experiment four teaching methods were compared- lecture, instructor-led discus- 
sions, autonomous groups that did nci come to class, and individual indei^ndent study in 
which each student was sent htxne with the syllabus, returning for the final examination. 
In both experiments, students working independently made the best scores on the final 
examlnatKm, which measured retention of factual material in the textbook. The instructor- 
led discussion groups were the lowest In performance on the final examination. There were 
no signtflrant differences l^tween groups on a measure of attitude toward working with 
chlklrerL Hie authors explain their results m terms of the independent group's freedom 
from distraction by Interesting examples, possible applications, or opposing points of view 
from thTOe presented in the text 

Although the Par^ms, Ketcham. and Beach results were favorable to independent study, 
they are not very satisfying to advocates of this method, for they lead to the conclusion that 
If students know that th^ are going to be tested on the factual content of a particular book. 
It is xi»3re advantageous for them to read that book than to paxtteipate In other educational 
activities. In fact even better results might be obtained if the desired facts could be identified 
by gMng the student test questto^ in advance (as in Keller's Pei^nallzed System of 
Induction). But knowledge o£ si»cjtfk fsKits Is nai the typical major otjectlve of an inde- 
pendent ^udy program. Wtmt fnstructozs art hoping for Is greater tnt^ratton. increased 
purjK^efuln^, and ii»>re Intense motivation for further siudfy. Ttiat indepeiulent study 
can achieve these ends is Indicated by the CdorE.do and Michigan experiments. But the 
paucity of positive results sug^sts th? . we need more research on methods selecting and 
training students for ixv^ependent stuay. arranging the indepexdent stucfy experleiK^e. and 
n^asuring outcome. Note that the Colora<b> aiKi Michigan resists came In courses in 
vfhidi a fiKxl deal of contact with the instructor was retained. While independent study 
methcxis tend to he kss structural than conventional classy, it api^ars that in these 
studio Independent study was more succ^sful if there was some structure. 

3. Time In Class 

The Independent study experiments demonstrate that education is not simply a function 
of time spent in a class with a teacher. Well-plarmed activities outside teacher-controlled 
classrooms can be at lea^ as Questional as conventional classes. But merely reducing 
time In dass is not independent study. Generally speaking, the more time spent on learn- 
ing, the greater the learning. Wakely. Marr, Plath, and Wilklns (1960) compared pNcrform- 
anc^ in a traditional four-hour-a-week lecture cla^ with that in a class meeting only once 
a week to clear up questions on the textlXK^k. In this experiment the traditional classes 
proved to be supolor. Similarly Paul (1932) found 55 minute class periods to be superior 
to 30-minute i^ods. as measured hy student achievement. Shortening class periods, 
reducing the number (tfclass^, cutting the length of the academic term may be advisable 
as part of a planned educaUonal change, but they should not be undertaken with the blithe 
assumption that tlie same educational outcomes will be achieved. Only if student active 
cognitive engagement with the learning materials is increased, will educational outcomes 
be improved. 

F. Research on Learning from Reading 

An early study (Greene. 1928) found that students learned as well from reading materia^ as 
from listening to the same material read aloud. The better students, moreover, profited 
more from reading than from listening. A number of other studies have compared printed 
materials with lectxires. and the results- at least with difficult materials- favor print 
(Hartman. 1961). In fact Reder and Anderson (1982) found that students who studied 
textbook summaries scored better on achievement tests that those who read the entire text. 
The details in the text were distracting rather than supportive. 

Thus in learning from reading, as in kaming from other media, the learners' task is to 
analyze and oiganlze the tnformaUon provided, pulling out main points and developing an 
organj^tion. providing a structure into which facts and concepts can be fitted. The ability 
to do this depends not only on the learning strate^ used by the learner but also on the 
learner's prior knowledge. Even an effective strategist will miss the main point In areas in 
which he or she is a novice. 
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The eruption of research in cc^nltlve psychology has pushed the frontiers of research into 
studies oi meanln^l pro^ passages. Most of the r^^rch to date has been on brief 
passages, but there are now a number of studies using material like textbook passages. As 
we saw earlier, we have teamed a great deal about strat^tes that f;«:llltate learning and 
retrieval of Infonnatlon in print 

Among the most widely known such studtes are those carried out by researchers at the 
Institute of Education. University dTGoteburg (Marton & Saljo. 1976a, 1976b: Svensson, 
1976). The Gotebuig group used concepts of cc^tlve psycholc^, such as deep versus 
surface processing, in describing the approaches d students studying chapters of text- 
books and other meaningful, relatively complex, reading. Their results, like those of Gates 
(1917) and other pUmeers, indkate that questions can Influence student learning. Maxton 
& Sa^o (1976b) found that questions deigned to produce more thoughtful, mt^ratlve 
study were more effective that qu^ttons of £e^ Nevertheless, study questions are not auto- 
matically a guarantee of better teaming. Students sonKtimes tended to look only for 
answers to tlie que^lon^ white disegardlng the c^er omtent the chai^er (Marton and 
SaI]o. 1976a). Rothkoi^ ( 1972) and other students of prose teaming suggest that factual 
questions after reading may be more eflfectlvc than factual question before reading. Wilhlte 
(1983) fotmd that pre-questlons focu^ng on material at the top of the organizational 
structure did facilitate teaming, especially for the less able students. What instructors need 
are questions that get students to think about the material. 

G, Programmed instructicxi and PSI 

In the 1960s "programmed textbooks" began to appear. Hiese were instructional books 
devetei^d by applying the Ieamlng-in-»nall-steps sequences advocated by B. F. Skinner. 
Such books and b^>klets have sometimes been designed as adjuncts to traditional teaching 
material, but often they woie intended to replace texttxM>ks. 

The research with Skixmerlan types of programs was not encouraijing. Students did learn 
from the prc^rams. but teaming was generally stewer than with conventional printed 
materials (but faster than with lectures) (Smith. 19^). Revtews by Kulik. Cohen, and 
El}ding ( 1980). Lange (1972) , Nash. Muczyk, and Vetton (197 1). and Schramm (1964) show 
prograrnmed instruction to be superior to traditional instruction In about 40 percent of the 
over a hundred rei^rx^ studies reported, equally effective tn about half the studies, and 
relatively seldom 1^ effective. 

One would expect strict control over the ^ructure and pace teaming to he most helpful 
to students with poor study habits- those who read passively and tend to slide over 
imiM>rtant unomiprehended points— but littte research has t^n done to determine what 
kinds of students gain from programmed texts a' what types of objectives can be most 
efficiently achieved. On the basis of the theoretical relationship between uncertainty and 
curiosity, it m^t expected that mc^t students would be txired by the usual practice of 
writing prv^anmied materials so that every question is answered correctly by almost every 
student. From Atkinson's motivation theory it wouH be ejq>ected that students with a high 
need for achievement (those who work hardest in situations with modemte yrotebilities of 
success) would find the usual small-step program more boring that otho* students would. 
And this Is what Moon. Smith, and Teevan (1965) fouiul. 

But even for ^uctents ingeneral. a l<^al sequence of items may be less efficient for learning 
than a randcan sequence (Rosen. FrlxK:ke. & Stolurow. 1964). This makes sense in terms 
d'the mckivational the<»y that lack of change or sini;)ris» makes for boredom and also helps 
to explain why short programs, requiring half and hour or less, seem to be more effective 
and less boring than longer programs covering larige blocks of material or an entire course 
(Beard, 1972). 

The fervor of the 1960s' proponents of teaching machines has now subbed, and research 
is l^ixming to clrrify the uses of pn^ranmied materials. For a while it appeared that 
prc^rarxmied matolals might enable educators to shortcut the difOcult problems of 
curriculum and cour^ orgariizatten, but prc^rams that teach unimi^rtant concepts or 
tmtrue information are not of much help to education, and it is now recognized that the 
writing of a go<xl pn^ram requires as much scholarship as the writing of a good textbook 
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(Krumboltz, 1 964) . Unfortunately, programming Is dlfllcult work, and as yet sx:holars seem 
less willing to write pn^rams than to write lKX>ks. Thus, there are still only a vexy limited 
nimiber c^good pn^i^ams for college use. althou^ programmed texts arc frequently u^ 
in nUUtaiy and industrial training and some educational computer prc^rams essentially are 
pn^rammed books. Just as the independent study research indicated that extreme lack 
structure was not effective, here It appears that t(K) much structure is ineffective. 

One method of teaching that has had a consistently pc^tlve effect on the acquisition of 
knowledge is Keller's Personalissed System of Instruction (PSI). Like some other systems of 
individualized instructloxu the Keller Plan involves a sequence of untts of material, frequent 
readiness testing, and individual padk^. Its dl^iiKrtlve features are heavy emphasis on 
instructor-prepared written materials to supplement textbooks and extensive use of tutors 
for individual assistance and evaluation of students. In 1968, KeUer d^cribed the five 
features that distinguish the Keller Plan from conventional teaching procedures: it is 
indivblually paced, mastery orient^, and ^udent tutored; it uses printed study guides for 
ccnnmunlcation of information; it Includes a few lectures to stimulate and motivate 
students. 

Students beginning a Keller course find that the course work is divided into topics or tmlts. 
In a simple case, the content of the units may correspond to chapters of the course text. At 
the ^art of a course, the students receive a printed study guide to dlr«:t their work on the 
first unit. Although siudy guides vary, a typkral one introduces the unit, stat» objectives, 
suggests study procedures, and lists study questions. Students may work ai^rwhere to 
achieve the objectives. 

Bef<^ moving on to the second unit in the sequence, the students must demonstrate their 
mastcry of the first unit by perfect or near-p^i^ i^ormaiu:e on a short examination. 
Tbey are examined on the unit only when they feel adequatdy pnepar^i; they are not 
penalized for failure to pass a first, a second, or later examinations on the unit When the 
students demonstrate mastery of the first unit, they are given the "tudy guide for the next 
imlt. They thus move through the course at their own pace. A student m^ meet all course 
requirements before the term is half done or may require more than a tenn to complete the 
course. 

The staff for implonenting the Keller Plan ixK:ludes the instructor and undergraduate 
tutors. The instructor selects and oiganlzes material used in the course, usually writes 
study guides, constructs ccamlnatlons for the course, and gives fewer lectures and 
dononstrations than In a conventional course (perhaps six in the course of a semester). 
These le< »ures are not compulsory, and examinations are not based on them. The tutors 
evaluate readings tests as satlsfrctoiy or unsatisfactory. Since they have ^ een chosen for 
masteiy of the course content, the tutors can prescribe remedial steps for students who 
encounter difHcultles with the course material The tutors also offer suppi^rt and encour- 
agement for b^lnning students. A number of exi^rlments have corrected the methcKloIogi- 
cal errors In early studies and offer convincing data on the eff«:tiveness PSI, not only in 
Introductory psychology courses but also in other fields (Kullk. Kuhk, & Carmlchael. 1974; 
Kulik et al.. 1979). Unfortunately, inter^t in teaching with PSI seems to have diminished 
in the past few years. 

Lloyd and Lloyd {19S6) surveyed faculty members who had used PSI as well as a sample of 
chairpersons of departments of psycholc^r. Responses (rom both groups indicated less use 
of PSI. and almost all who continued to use PSI had made extensive m(xilfk:atlono, typically 
retaining study guides and frequent testing but modifying or omitting self -pacing. lOC^ 
mastery, and the use of student proctors. 

The effectiveness (rfPSI in affecting achievemtint may have been related to the effectiveness 
erf frequent testing in affecting students' tlme-on-tai^ For the past decade or more, time- 
on-task has been a favorite variable of educational researchers studying teaching at the 
elementary and high school levels. Early research demonstrated that student achievement 
of basic skill and loiowledge objectives was. as one mi^ht expect, related to the amount of 
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time spent in practice or study. More recent research has dtmonstrated the equally 
plau^Ie cpnclti^n that ft is xK>t ^tanp^ the amount of time sp^t but how it is spent that 
coiinta. What matters Is what goes on m the mind of the learner. 

A key feature of PSI to frc^ent testing, a device that nu>tlvates students to stu(fy. But the 
long-term efft^ts oS fr^ueitf teeing mu^. we would eqject. deiK»ul on the quality of the 
tests axKl the ktasl of mteractKMM ^dents have with the moact advanced students who 
correct the tests ax^ jnovide tutoxlal assistance. If objective t^ts r^ulrtng only test 
wisenessaixlmen»>]y«ia(^ an used. s(mie students are Ukdy to n^ expectations 
that, over sevaaltilak.diance alone win bring success^ or at wcff^. they win rely on chance 
phis memorization o£ ctefinitlons and lists. Uf tutors simply correct tests and advise re- 
reading the assignment bdbie retaking the test stuC.^~Ats gflia little frmn the interaction. 
Ideally PSI courses wtmld use rasay. oral, or other measures requlrmg thinking about the 
material teamed aiad tutors would engage in n^anlx^ful dialogue with each student. TO 
increase the probability that students would motivated to a>ntinue learning without the 
prod of a test, the firequency c^testmg ml^t be reduced as the course progr^sed. The ideal, 
tmfortimatefy. is rarely attaliwd. 

H. Testing 

Wh atever teachers' g(»ls and no matter how clearly they presmt them, students' goals are 
strongly Influence by te^ or the other activities that d^ennlne gra(tes. No matter how 
much tesu:hers txy to nurture Intrinsic nu}tlves for learning, students must stiS get 
ao^ptabte gradi» to achieve other academic and vocatlcmal goals. Tests proviUle an 
operational definition of goals that Is very compelling for the students. Thus, if teacl ers say 
that fhiy are concexned about develoj^tog ^dl!s and strat^es for further learning and 
prt^ m solving and that they ho^ to he^ students develop cognitive structures that will 
form a foundatbm for continued learning and ihai give tests that require memory of 
ixvUvldual facts, definitions, and isolated information, students win memorize the facts, 
definitions, and information (m which they expect to be tested. In so doing they wiU use 
memorization, repetition, and other learning strategies tmllkely to be useful for achieving 
the higher-order a>gnltlve objectives we have proc^lmed. 

This argues strongly against exclusive use of objective true-false, multiple-choice, or oven 
short-answer questions d'the type most teachers construct. A number of research studies 
have den«mstrated that students study difieiently for ob)»:tlve than for essay t^ts and that 
the n^thocte of study used for objective tests are not effective for long-tezm retention or use 
of the material Iramed ^cClusky, 1934; Monaco. 1977; dYdewaUe. Swerts. & de Corte. 
1983). One of the great ediK^atlonal liabilities of large lecture classes ia the tendency to rely 
primarily on objective te^ for grading. Even one good essRy question may make a 
difference hi student teaming. Thus in moderate- to large-sized courses combining 
objective que^tons with an essay may be reasonable. Better yet would be a broadening of 
the variety of assessnMnt devices to include simulatltms and real-life activities, Preder- 
Ickson (1984) has iwlnted out that standard multlpte-cholce tests administered in 
conventKaial test sltmitlons do not provide adequate evldeixre of real-life performance. With 
the incr^islng availability of ccanputers. more instructors are using onnputers ji testing 
but fxequentty the computer is used simply as an item bank rather than as a way to assess 
thinking in simulations of real-life problems. 

The other aspect of testing that consistently makes a difference in student learning is the 
kind of feedback given. Simply returning a grade or score is less effective than providing 
explanations or guidance for improvement. This principle also hokis true for computer- 
based instruction (Roberts & Park. 1984). 

We have already seen that cooperative peer learning is effective, but a barrier to coopera- 
tive learning is the comi^tion often engendered by "grading on the curve." Covington and 
Omelich (1984) divided their 435-student introductory psychology course into four 
groups— norm-refemK:ed versus crlterkm-referenced gradhig and single-test versus retest 
option. The experiment lasted for two weeks, ending with the midterm examination. Both 
retestlng and crlterion-refererKed grading helped motivation. A path analysis suggested 
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that the retestlng option improwd perfonnance, which enhanced motivation, which in turn 
resulted tn further gains in learning. 

In taking typteal cla^rocon examinations, the task of the student involves a number of 
complex cognitive activities. McKeachle (1986) describes some of the things that can 
account for a poor answo: on an essay test. 

1. Hie student does not understand the question. 

2. The student has not learned the material. 

3. The student lacks specific cues for retrieval. 

4. T^e student laclis an appropriate ^rategy for retrieving the material. 

5. The student lacks words needed for an ansu^r. 

6. The student lacks a conception of the required solution; for example, when asked to 
"explain," the student lacks an adequate o^nceptlon of what is involved tn an adequate 
explanation. 

7. The ^udent cannot hold the required material In active memory while writing the 
answer. 

. AS we saw earlier the task is complicated by the problem of ariKlety aroused by the test, 
especially for students high in test anxiety. 

I. Teaching Methods: A Summary 

Our survey of teaching methods suggests that the effectiveness of teaching methods 
depends upon one's goals. For the goal of factual knowledge lectures ai^ reading 
assignments are likely to be as good or letter than other method. For goals of long term 
retention, thinking, an d moti>^tion 1^ ^ructured methods involvir^ more student activity 
are likely to be superior. In fact, the amount of active thinking by students may be more 
Important as a mediating variable than the teaching method variable per se. Time on task 
is an important variable, but the questions are "What tasks?" "How is the time spent?" If 
we want students to become more eHective in meanir^ul learning and thinking, they need 
to si^d more time in active, meanln^ul learning and thinking - not Just sitting passively 
receiving information. We have se ei> in the case of independent study and prc^rammed 
learning that neither extremely unstructured or extremely structural methods are efiectlve. 
When we examine attribute-treatment interactions in a later section of this paper we will 
see the structure makes a difference for students and affects different students' achieve- 
ments diiierentially. 
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VI. Academic Tasks and Activities 

Rw:ent work in cognitive psycholt^ has stressed the Importance of task characteristics In 
determining students' reactions to and c(^nltlons for school tasks (Brovm et al.. 1983; 
Doyle. 1983; Mosenthal, 1983). Brown et al. (1983) have suggested that four aspects of the 
person and environment need to Ix considered in understanding student c<^nltion. In their 
tetrahedral model (Drown et al.. 1983) they note that student characterlst&:s. the nature of 
the materials (e.g. . verbal, visual, complexity, sequencing) . the learning activities (attention, 
rehearsal, elalx>ratlon). and the crlterlal tasks (e.g.. type of exam, paper assignment) all 
influence student learning. Mosenthal (1983) adds a Qflh dimension, context, that 
concerns the classroom context In whk:h the students and tasks are embedded. The task 
construct is assimied to organize and guide students information proc^slng (Doyle. 1 983) . 

There are three general components of the task in Doyle's ( 1 983) model. The first component 
involves the prcducl the student is required to formulate. For example, a student writing 
an original essay for an English class has a very different product to create than does a 
student in an English class who is creating an ^ssy by performing a senterx^eH^omblnlng 
task 

The prcxiuct influences the the second component In Doyle's m(Mlel. the cognitive operations 
Involved in performing the task These are the learning activities in the Brown et al. (1983) 
tetrahedral model The cognitive operations involved in creating an original essay and in 
a sentence combining task are quite different and will evoke different learning on the 
student's part. 

The third component in Doyle's mcKiel coiK^ems the resources available for students to use 
in completing the task In a ^ntence-a}Tid>lnlng task the student has more "material" 
provided by the task, in contrast to the essay where the student must generate material 
to complete the essay. The resources provided by the task interact with the ^udent's char- 
acteristics In terms of the student's skills, prior knowledge, and motivation for the task 

Given this brief sketch of the components of tasks, it is clear how tasks aligned in 
classrroms can influence student leamlr^. Although a)gnittve psj^ologlsts have explored 
the influence d'task characteristics on student learning in experimental studies, there has 
been little ecologically valid research on classroom ta^. Accordingly, whfle the general 
model and some of its asp^ts have been discussed by Doyle ( 1 983) . there are still great gaps 
in our knowledge a1x>ut the i^ture of ta^ in the classroom and their influerce on student 
learning. In addition, while researchers intere^ed in elementary and secondary schools 
have started to Investigate ta^ characterlstk^s. there has been little «:^ol(^cally valid 
research on the task construct in postsecondary settings except for the extensive research 
literature on adjuiKit questions (Hamaker. 1986). Part ofour research agenda to address 
this gap. 

One of the issues that needs to be addressed Includes constructing a descriptive taxonomy 
of classroom tasks. Doyle (1983) has suggested four basic types of tasks; memory, 
procedural, comprehension, and opinion tasks. Memory tasks require the student to 
memorize some material. Procedural tasks require the student to employ a particular 
procedure or algorithm, as in solving math problems. Coonprehension tasks are tasks that 
ask the student to demonstrate their understanding of some material. Opinion tasks ask 
the student to anafyze and evaluate niaterlal in some way. These four types of tasks parallel 
to some extent the six levels in Bloom's taxonomy of tasks. 

Another w^ of classifying tasks would be to use Gagne's learning hierarchy idea. The fact 
that there car; be different levels of difficulty and abstraction for tasks suggests that pureJy 
content labels (e.g. , math, English, psychology) are not useful descriptions. What is neeied 
is a task analysis of the demands of the task and the cognitive operations Involved to 
complete the task 

Our research wUl be one attempt to develop a descriptive taxonomy of college classroom 
tasks. We will be looking at the types of exams and papers assigned to students. As the 
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task nMxiel and jncvlous research ^dl» suggest, students who are gtven multiple-choice 
tests ^ould leam the nuitexlal dlffeiei^ Warn those who are given essay exams. In 
addlttoawewinbee3aminlngthele«^ofthematerlalsassl$[iedtotheclass. Forexample. 
students reading prtmaiy sources (e.g. . Shakespeare. Freud} will leam different things from 
those reading secondaiy sources such as textbooks. The use of the task construct wUl help 
us char^tertze the dassnxHn context In a more detailed fashion than previous research 
and should help provkle some insight into the nature of instruction and student learning 
in coU^e classrooms. 
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VII. Ai tribute-Treatment Interactions 

As we have pointed out throughout this paper, different types of students may react 
differently to different types (rf instruction. This idea is labeled attribute-treatment 
interaction or ATI research in educational psycholc^ and is an example of the more general 
idea of person-environment fit in psycholc^. Cronback and Snow ( 1 977) summarize many 
ctf the studies of ATIs and Como and Snow ( 1 986) provide a recent update . >V e briefly review 
ATI research in higher education here. 

l.The Inteiactloii of Int'^Il^ence and Prior Knovriiedge with Stmctnre of Teaching 
Knovdcdge 

Intelligent students do letter than less intelligent students In n^ost educatimial situations. 
But It does make a differeiK^ how students of differing intelligence are taught. Remmers 
(1933), in three experiments comparing varying combinations of lecture and recitation, 
found fairly con^stent r^ults favoring a greater proportion of recitation for more able 
students and a greater propoxtion of lecture for the less able students. Ward's study ( 1956) 
indicated that the mc^ able students, man than otho* students, are favorably influenced 
by anall classes. Cahnn, Hoi&nan, and Harden (1957) found in three exi^rlmetits that less 
Intelligent students constetently did better in group problem-»}hnng sttuatlons conducted 
In an authoritarian maimer than in groups conducted In a permissive maimer. Hie same 
difference d^ nc^ oonu' for brj^t students. Hansen. Kelley, and Welsbrod (1970) found 
that TIPS, a system Involving frequent tf»tlng. was xtu^t effective for 1^ able students. All 
of th^e probably indicate that tess structured methods, such as discussion, are more 
appropriate for bright i^udents than for less able students. 

Stegel and Sl^el (1984) foimd that low-ability students performed better on a test of 
conceptual acquisition if they had been previously t^ted with an emphasis on factual 
ratho- than conceptual learning. High-ability students were affected by the dlffn^ce in 
meth(xls based on their previous knowledge; high-ability students with high previous 
knowledge benefft»i frcm emphasis on conceptual learning, while the unsophlstk:ated 
h^h-abillty student, like the low-ability student, performed better on conceptual acquisi- 
tion if previous emphasis had been on factual learning. 

In an introductory biology course. Gay ( 1986) created two groups equivalent in scholastic 
aptitude but differing in conceptual tmderstanding o( protein synthesis. Subjects studied 
computer-assisted videodisc modules about protein synthesis under two conditions. In the 
pro^am-controlled condition, material was s^uenced l(^cally; in the leamer-coi^rolled 
condition, sul^ects controlled s«iuaice, pace, presentation mode, and amount of practice. 
Those with low prior understanding benefited most trom the program-controlled instruc- 
tion while high-prlor-kno>^edge students in the leamer-controlled condition spent less 
time while achieving as well as high-prior- knowledge students in the prt^ram-controUed 
condition. 

Hall. Rocklln. Dansereau. Ska£gs. OTJonnell, Lamblotte, & Young (1986) found coopera- 
tive, dyadic learning to be more ^ectlve than individual learning, a finding supporting other 
research we have received on peer learning. In addition, they found that students scoring 
high on a t^t of jKluctlon. one of the c(miponc«u.s of intelligence, benefited particularly from 
peer learning, a finding whteh they explain in terms of the greater ability of high ability 
students to process the multiple sources of input in dyadic learning. 

These results fit well with the wisdcan of coU^e faculties who have generally urged smaller 
classes, greater use of discusston. and a higher conceptual level in honors classes. Bright 
students will generally be able to handle a greato^ informatlon-pnx^esslng load than less 
able students: that is. the able indents can figure out things l^ter for themselv^ and 
provide their own oxgaxUzation. The less able students are more likely to benefit fi-om 
attempts to simplify and organize the material for the students, organization that may be 
detrimental for the better students (see Snow, 1976). Siegel and Slegel. however, inject a 
cautionary note- beliig bright is not enough. The naive bright student is perhaps more like 
the less able student than is sometimes recc^nized by college honors committer, a point 
^ also illustrated in the research of Mayer. Stiehl. and Greeno (1975). 
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The Importance of prior knowle<3ge is also indicated by the study <^ Stinaid and Dolphin 
(1981). Using self-paced mastery examination modules in an anatomy and physiology 
course, they foimd that the sdf-paced testing helped students with less science prepara- 
tion. Contrasted with comparable students in a conventional course, these students used 
the self-paced tests as guides and stimuli for Increased study time. 

2. FefsonaU^ Varlalto 

Onnparlng students in convoitionally tau^t classes with those in wh&:h students were 
given major respon^biUty for the (»urse. Patton (1955) found that the degree to which 
students accepted responisiblltty In the latter classes was positively correlated with gain in 
ability to apply psychology and Interest in psychok^. What sort of student accepted re- 
sponsibility in sudi a course? Patton fouiKl that the ^udents who liked his expeitxaeatai 
class and assumed responsibility were likely to be Independent of traditional authority 
flgur» and h^ in need for achlevenxnt 

Similarly, in the OberUn studies of independent study (McColtough & Van Atta. 1958) 
students who were less rigid and le» in rueed of social supjx^ j .i^ed marc In measured 
achievement frnn indeiMmient study that those students who wot nai as indepoidenL 

Domino (1968, 1971), using the Achievement via Independence and Achievement via 
Conf<»mity scales of the C^omla Psychologkial Imecixay, found in two studto that 
indei^dent ^udents did better with teacher styles ^resslqg imtependence. whUe stu^its 
high In ALhievement via Coxifonnity did b^er with imirestriK^ture. Slmlkily. Van Damme 
and Masai (1980) fotmd that students high in external locus of control achieved better 
relative to "internal" students in PSI (PersobaUzed System of Instruction) courses than in 
lecture, and letter still in a form of PSI with addlUonal guidance and structure. 

Despite the variety of measures used, the studies cited in this section show some 
conslstoKy In finding that a certain type of student, characterteed as Independent, flexible, 
or hi^ in r^ed for achleven^t. is happy and achievra^^ in classroom situations that give 
students opportunity for self-dlrectloa 
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VIII. What Do Effective Teachers Do? 

One of the most pexsuaslve studies of effective teaching was that carried out by Wilson. Gaff. 
Dienst, Wood, and Bany (1975) a little over a decade ago. They asked faculty members in 
six collies and universities to nominate three colleagues whom they r^arded as having 
significant impact on students: they asked seniors to name the teacher who had contributed 
most to their educational development: they obtained data on change In students from the 
freshman to senior year on the Omnibus Personality Inventoxy (changes on the scales 
measuring Intellectual interests were particulaity relevant). They asked faculty members 
to name students to wh(^ development they had contributed. The convergence between 
these sources cf data give some confidence in the validity of the conclusions about efiectlve 
teachers. Among the most important characteri^ics of dTective teachers were high levels 
of interaction with students outside the classroom, driving to make courses interesting, 
using frequent examples and analogic in te^chlr^. rdferrlng to contemporary issues, and 
relating content to other fields of study . The characteristics Identified fit well with other data 
from research on ^udent ratings oi teachtng as related to student learning. (Cohen, 198 1 : 
Feldmaru 1976: Marsh, 1984: Murray, 1985). 

One of the nwwt prolific areas of research on efiiectlve teaching has be«n that doling with 
student ratings teaching. As Marsh's review (1984) demonstrates, teachers rated as 
efiectlve by students tend to be those wh(^ students perform well on achievement tests and 
evidence from peer ratings, self-ratings and other sources of data provide converging 
evidence of the validity of student rating. Marsh ( 1986) has also shown that the qualities 
characterisdng effective teachers. £^ i^rcelved by studoits are much the same in Spain. 
Australia. Papua New Guinea, and North America. Enthusiasm and clear, well-organized 
presentations were most highly valued in all groups. The amount of work and the dMculty 
of the course did not relate as highly to rated effectiveness, but contrary to criticisms and 
faculty stereotypes of student ratings, teachers who assign more work and more difficult 
work tended to be those rated as most effective. 

Are expressive lecturers more effective? Elver since the original reports of the "Dr. Fox' effect 
(Ware & Williams, 1975) there has been suspicion that expressive, enthusiastic lecturers 
produce high student ratings without affecting student learning. Researchers at the 
University ol Manitc^?! have carried out an impressive series of well-controlled experiments 
demonstrating that teacher expressiveness does produce greater student learning, but the 
effects are complicated by interactions with other variables, such as incentive condlllons. 
student ability, and student perceived control (Perry, 1985: Perry. Magnusson, Parsons. & 
Dickens, 1984). 

Thus the conclusion of this line of research fits with that reported in earlier sections of this 
report. What is effective teaching depends on the students, the content, and the gc«ls of 
teaching as well as upon teacher characteristics. Nonetheless, enthusiasm, expressive- 
ness, energy, and a real commitment to students and teaching make a differaice. in achiev- 
ing most educational goals. Ourtajk as researchere is to find more precisely those methods 
and techniques which are most facllltatlve of student achievement of higher level cognitive 
and motivational goals. 
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Introduction 

In this supplement to our 1986 review we have selected recent reports of research and theory 
that supplement, enrich, or reinforce the work included in our earlier review. In our view, 
none of the recent publications lead to radical changes in the conclusions we presented in the 
earlier review. (The parenthetical references after each section heading refer to the relevant 
section of the 1986 review.) 

Learning Strategies cch. iil Part b) 

students have relatively good metacognltlve ability in predicting their readiness for 
examinations (L«al. 1987). Thus the high anxiety reported by many test-anxious students 
lacking eifective study skills may well be the result of reallstk; appraisals of test performance 
as hypothesized by Benjamin, McKeachle. Un, and Holinger (1981). 

However. Tobias (1987) found that students' uses of 'learning strategies in a computer- 
controlled experiment of reading strategies did not correlate well with the students' reports of 
the strategies they normally used. While this may be a function of the difference between the 
laboratory situation and normal studying of text, it seems likely, as Tobias suggests, that 
students may neither know which strategies are most effective nor be aware of their own 
strategies for learning. U may well be that students have a gerTal sense of their readiness, or 
lack of readiness, for an examination, but relatively less awareness of what to do to remedy 
deficiencies. 

That this may be the case »s demonstrated by Tobias's results indk^ating that mandatory 
review following an error in answering an adjunct question resulted in better performance 
than voluntary, student-controlled review. 

Nonetheless, students are able to adjust their strategies to flt the demands of the situation. 
Sagerman and Mayer (1987) gave students four science passages to read. For one group each 
passage was followed by verbatim questions; for a second group by conceptual questions; and 
for a third group by no questions. The verbatim group did better in answering verbatim 
questions on the fourth passage than did the control group, but not on the conceptual 
questions. The conceptual group did better than the verbatim group on both conceptual and 
verbatim questions. These results flt well with those cited in our 1986 review on the advantage 
of essay over objective testing for student leamlr^. 

Wlial do students do when they are assigned very difficult reading? Waem and Kabenius (1987) 
report that students predominantly turn to memorizing. The result in the experiment 
conducted by Waem and Rabenlus was comprehension little belter than guessing on a post-test. 

Ccmian and Dutch research on learning and Instruction Is reviewed in the volume edited by 
Beukliofand Simons (1986), Friedrlch and Mandl (1986) point out that metacognitlon is being 
related to broade'" concepts of motivation and action control in German research and that 
training In metacognltlve self-regulation has been less successful than might have been 
expected in view of the correlations between metacognitlon and learning performance. Dutch 
results are similarly mixed (Simons & Vermunt. 1986). This may be due to the interactions 
between learning strategies, prior knowledge and the specific learning task. Training in 
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learning strategies and metacognlUon may not be helpful if one is so lacking in necessary 
content knowledge as to be completely confused. At the other end of the prior knowledge 
continuum, training may also be of Utile value either because the learner already has effective 
strategies and thinking about them mctacogmtlvely may simply divert capacity from the 
learning task Itself. 

Although our review Is Intended to focus on research, we would be serving our readers badly if 
we did not Include a book review in the Winter 1984 issue (published in August 1987)' of 
Ccmtempawy EdiuxMcm RaMew that reviewed books published in 1985 and 1986. The review. 
"Are there prc^rams that can really teach thinking and learning skills?" by Pressley, Carlglia- 
Bull, and Snyder (1984). not only provides an incisive critique and analysis of the programs 
for improving thinking and learning skills described in the book reviewed— Th<nk:fnp and 
Lecmtr^ Skitis, Vciume 1: Rekdtrm Instruction to Research (Segal, Chlpman, & Glaser. 1985)— 
but also gives the reader a brief introduction to Pressley's own Good Strategy User model. Hie 
reviewers point out the need for better experimental data both on the overall effectiveness of 
the pn^rams and on the interactions between particular skills and the student's kr»owledge 
base in different content areas. 

Thinking and Problem Solving cch. iii, part o 

Nlsbett, Fong, Lehman, and Cheng (1987) review research demonstrating that even brief formal 
training in inferential rules can enhance their use in reasoning in non-cla^room situations. 
This is slgnlflcant because, as indicated in our basic review of the research literature 
(McKeachle. Pintrich, Un, & Smith, 1986). formal training in iogic courses or other courses in 
reasoning has generally had little transferable effect on reasoning outside t he courses in which 
the training was done. In fact the emphasis in recent years has been to strese the domaln- 
specinclty of thinking skills. 

Nlsbett et al. (1987) show that transfer occure when individuals have an intuitive grasp of an 
abstract rule, such as ihf. law of large numbers, and are given this abstract rule or are given 
training on examples. The law erf large numbers involves the principle that one needs larger 
samples when generalizing about populations that vary more in ti e relevant attribute than 
when generalizing about populations that vary less. TTius j^ople arc more willing to assume 
that all tribesmen on a remote island are brown based on a small sample of brown, fat, 
tribesmen, than that all are fat. 

Studies of the effect of graduate training in psychology, chemistry, medicine, and law showed 
little difference among students at the beginning of training but significant dlfferen:!es after 
two years both for scientific and everyday problems in the use of statistical, methodological, 
and conditional reasoning. Chemistry training, had no effect, law produced impir-vement in 
the logic of conditional but not in statistical or confounded variable problems, while students 
in psychology and medicine gained on all three types of problems. These studies open up a new 
area of research on pragmatic reasoning rules as well as hope for dramatic improvement in 
teaching reasoning. 

Deny, HawKes, and Tsal (1987) presented TAPS, a theory of problem solving based on 
observations of young adults who talked while solving complex word problems. The ilieory is 
used to diagnose and remedy probiem-solvlng dilTlcuUles in such areas as prerequisite 
knowledge, schema recogniMon, or higher-level strategies such as memory-managenient or 
-checking routines. 

Domaln-speciflt- knowledge Is eniphnsly.ed by Bransford, Sherwood, Vyc. and l^ieser (HIHO). 
who suggest that programs for leaching general problem- fjolvlng skills would be strengthened 
by additional focus on domain knowledge. Tliey review research indicating that teachers iirtd 
to go beyond blind drill-and-practlce methods of teaching mastery to rncthotis that encournjfe 
students to explain or defend their understanding to peers or to the teacher If understanding is 
to be achieved In ways that pemilt problem-solving strategics to be usefully transferred 
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The importance of mindfulness in learning has been stressed by Salomoii and Globerson (In 
press). Langer and Piper (1987) have shown that teaching in a conditional rather than an 
absolute wpy reduces mlndleswiess. Thus if a new object Is Introduced as "this could be rather 
than "this is/' subjects are likely to generate more creative answeiB to the task of generating 
novel uses for the object. This fits with the general lore of teaching that dogmatic teaching 
produces liarrower. more restricted learning. 

One of the pleasant current research findings is that pleasant feelings facilitate memory and 
problem solving. In her most recent study, Isen, with Daubman and Nowicki {1987), 
demonstrated that positive feelings, produced by a few minutes of a comedy film, resulted in 
better performance than arousal produced by exercise or by a film depicting concentration 
camps. The authors attribute these gains to a tendency to combine material in new ways and 
see greater relatedness. So keep your students happy! 

Student Motivation (Ch. iv) 

One of the major themes o( our research program is that motivational and cognitive variables 
interact in such intimate conjugations that they must be Jointly considered in any 
comprehensive theory of student learning and thinking. Increasing a student's skills for 
learning and problem solving nc^ only affects ability to leam and think but also increases the 
student's sense of self-competence — one of our basic motivational variables. Conversely, 
increasing a student's motivation for learning and thinking affects the student's development 
and choice skills and st rattles for learning and problem solving. 

Beginning freshmen who explain failure as the result of fixed ability often receive lower grades 
than comparable students who explain failure in terms of external, unstable, specific causes. 
Students with a negative explanatory style are less likely to have specific academic goals and 
make less use of academic advising thgn those with a more positive style of explaining failure 
(Peterson & Barrett, in press). Thus one method of improving student performance may be to 
help students recognize the possibility of developing needed skills as well as clarifying 
academic goals. 

McCombs (1987, April) provides support for this view in a review of research and theory 
Indicating that, for students to develop the Tiotivallon necessary for self-directed learning, 
they must believe that they have the ability to achieve the level of competence necessary for 
reaching personally meaningful goals. McCombs suggests that ff we are to provide useful 
suggestions for teachers, we need better methods of a.>sesslng students' goals, their evaluations 
of their competencies, and their assessment of the personal significance of particular learning 
tasks as well as their belief in their ability to assume self-direction and take responsibility for 
their own learning. This is the direction of our research in NCRIPTAL. as exemplified by our 
Motivated Strategies for Learning Questionnaire. 

McCombs (1986) extends an earlier review of research and theory, listing six principles: 

1. H»:inan behavior is basically motivated by needs for self development and self- 
determination. 

2. The srlf-syslern oprialt-s as the basr set of "fWivrs' through which all Inforniatlon is 
processed, transfomie.i. and encoded 

3. The self referent nature of this filtering proirss niainlains the illusions of (ontrol or 
self-d<'teniiinat ion that lie at the basf* of s( lf-<*sleeni iiiainleoanre 

4 Self- reference can beionie an elTiM live slrat<>^jy' H^r jLi<'n<'ratinj^ fnotivafion to leam and for 
prodiu'^ng more efTective learning. 

5. AlTeet plays a major role In self-systefn development, inoiivallon. and the en^a^enienl of 
self-regulated learning prmesses and strategies. 
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6. Autoncnnous learning is an Inherently natural process driven by the need to fulfill self- 
development and self-determination goals. 



In McCombs* model, needs for self-development and self-detfirmlnatlon lead to self-system 
structures— goals, values, beliefs. Self-system structures interact with self-evaluative 
processes to detennine outcome expectancies which, in turn, generate affect, which influences 
motivation leading to performani.e. Performance outcomes cycle back to affect sell -system 
structures, and self-regulation processes interact with metacognltlve and cognitive structures 
to produce a dynamic ^rstem. 

McCombs (1987. August] developed a test battery to assess self-evaluations of competence and 
personal control. 

Test Anxiety and Affect (Ch, iv. part a.4) 

A different way to synthesize study skills and interference models has recently been suggested 
by Naveh -Benjamin. McKeachie. and Un (1987). Instead of claiming that both skill deficiency 
and interference from worry occur in all highly test-anxious students, these authors suggest 
that different types of such students possess different types of deficits. A first type includes 
highly test-anxious students with good study skills who do not have problems In encoding and 
organizing (learning) the informaUon. but rather have a major problem in retrieval for tests, 
probably due to interfering thoughts. A second type includes highly test-anxious students with 
poor study habits who have problems in all stages of processing, both in learning the 
information and In retrieving it. Such a distinction was supported by results comparing 
performance of these types of highly test-anxious students in evaluative and non-evaluative 
situations. Results showed that those highly test-anxious students with good study skills did 
well on a task requiring organizational skills in a non-evaluative situation. In such a 
situation they were able to use their knowledge without interfering thoughts. However. In an 
evaluative situation they did as poorly as the other highly test-anxious students who lack 
study skills. In contrast, highly test-anxious students with poor study skills performed poorly 
*ji a non- evaluative situation as well as on t^ts. 

Further support for the above distinction between two types of highly test-arudous students 
was obtained in a study by Naveh-Bcnjamln (1985) which showed that each of the above types 
of highly test-anxlous students benefited from different training programs. Using 
descnsltlzatlon and study skills training, results showed that highly test-anxlous students 
with good study habits benefit more from a desensltlzatlon training program that reduced 
their interfering thoughts. These students showed a greater decrease in anxiety and an 
improvement In course performance over the semester In comparison with a group of the same 
type of students who received study skills training, in contrast, those highly test-anxlous 
studerUs with poor study habits benefited niore from a traimng program Intended to improve 
their study skills. These students showed a greater decrease in anxiety and increase in course 
grades over the semester In comparison with a group of the same type of students who received 
desensitizatlon training. 

Summary 

The research included here rtrlnfou cii uui coiu lusion thai moiiv;:aonaI as well as rc^^nitlve 
elements arc intimately conjoined in student Iciimlng so that 'strategics of tcachinj^ and of 
teaching more effective skills for learning and thinking must tak*- account of both. 
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